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1.0 INTRODUCTION 

This Operation, Maintenance & Monitoring Plan (Plan) has been prepared for the Olin Chemical 
Superfund Site (Site) in Wilmington, Massachusetts on behalf of Olin Corporation (Olin) by 
AMEC Environment & Infrastructure Inc. (AMEC).  Figure 1 shows the location of the Site.  This 
Plan has been prepared to aid project personnel in monitoring, operating, and maintaining the 
Dense Aqueous Phase Liquid (DAPL) extraction system at the 51 Eames Street Superfund Site 
(Site).  Section 1.0 of this manual provides general Site and background information.  Section 
2.0 describes the DAPL extraction well and monitoring well network construction details.  The 
DAPL extraction and storage system is described in Section 3.0., and health and safety 
information is presented in Section 4.0.  System start-up and shut down procedures are 
described in Section 5.0.  Section 6.0 describes tank truck loading procedures.  Routine 
operations and maintenance procedures are summarized in Section 7.0.  Extraction pump 
trouble shooting is discussed in Section 8.0.  Section 9.0 outlines DAPL recovery performance 
monitoring procedures, with the reporting schedule addressed in Section 10.0.    Section 11.0 
outlines the procedure to update this OM&PM Plan. 

The DAPL Extraction Pilot Test (DAPL Pilot) is intended to evaluate the feasibility of DAPL 
extraction in the off-Property West Ditch (off-PWD) Study Area, and to assess the hydrogeologic 
and geochemical impact of DAPL extraction on groundwater and surface water quality in areas 
proximate to the extraction operations. 

This Plan identifies the schedule of implementation of the DAPL Extraction Pilot Test and the 
criteria that will be used to evaluate the effectiveness of the DAPL recovery during and following 
the Pilot Test.  The Plan describes the monitoring well network which will be used to evaluate 
whether DAPL removal results in a disturbance of the DAPL/Diffuse Layer and shallow 
groundwater interface, and if any such disturbance causes increased concentrations of 
contamination in the overlying groundwater.  

1.1 DAPL Extraction Pilot Test Objectives 

The overall objective of the DAPL Pilot is assess the feasibility of recovering DAPL from the 
subsurface in a manner that minimizes disturbance of the DAPL pool surface and mixing with 
overlying diffuse groundwater. Information developed during the DAPL Pilot will be used in the 
Operable Unit 3 Feasibility Study for groundwater.   

1.1.1 DAPL Geochemical Considerations 

Column flushing studies conducted by Geomega (Geomega, 2004a, 2004c) have clearly 
demonstrated the potential for precipitation of inorganic minerals and pore throat clogging (i.e., 
the blocking of the smaller apertures within the connected inter-granular pore spaces between 
soil particles) when DAPL is displaced by higher pH groundwater, thus changing Eh and pH 
conditions within the aquifer.  At the lower pH conditions that are characteristic of DAPL, the 
majority of the dissolved iron is present as ferrous iron.  As pH increases, the mineralization 
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mechanism is initiated by oxidation of soluble ferrous to insoluble ferric iron and precipitation of 
iron oxides.  Precipitates of aluminum-chromium sulfate complexes then form on the surface of 
the iron oxides.  These mineral phases are not only capable of clogging aquifer pore spaces, 
but presumably also extraction well screens, sand pack, and piping when appropriate conditions 
are created.  One of the extraction test objectives is to remove DAPL in a manner that 
minimizes intrusion of overlying groundwater and Diffuse Layer into the DAPL, and thereby 
preventing or minimizing undesirable mineral formation.   

The DAPL will be extracted from the bottom of the DAPL layer at controlled rates in order to 
avoid uncontrolled, large scale mixing of DAPL with Diffuse Layer and overlying groundwater, 
which could potentially cause precipitation reactions that could clog the subsurface soil matrix 
and potentially make further DAPL extraction difficult or infeasible. 

1.1.2 DAPL Density Flow Considerations 

The movement of the DAPL is governed by density-driven flow mechanisms that are dominated 
by convection.  The DAPL is contained within a shallow sloping bedrock depression, which 
forms a “bowl shaped” sloping aquifer with a central low point, or bottom.  Extraction of fluid 
from the low point of this depression will result in DAPL movement along this sloping boundary 
toward the central extraction point.  For a DAPL removal strategy to be effective, the rate at 
which the DAPL is pumped should not exceed the density driven flow rate towards the 
extraction point.  Pumping at an excessive rate over an extended period of time could create 
several general conditions that would favor failure of the extraction strategy.  These include: 

• Causing the DAPL pool to become disconnected and intruded by Diffuse Layer and 
overlying regions of groundwater resulting in mineralization and aquifer clogging; 

• Causing excessive DAPL drawdown of the DAPL/Diffuse Layer interface in vicinity of the 
pumping wells with similar detrimental effects; 

• Causing a disturbance of either the DAPL or the Diffuse Layer could induce convective 
flow patterns that may exacerbate the existing conditions (e.g., cause contamination to 
spread over a broader area, increase concentrations at shallow depths in the aquifer 
and/or in off-PWD surface water); and 

• Causing an expansion of the diffuse layer thickness. 

Geomega (Geomega, 2004c) has made an initial estimate of the density driven flow rate for the 
upper DAPL pool in the off-PWD Study Area.  This estimate, which ranges from 0.2 to 0.8 
gallons per minute (gpm), is a function of the DAPL density, bedrock slope, aquifer porosity and 
hydraulic conductivity.  The DAPL pool is known to be density stratified, and density is a 
variable that will change with time and presumably affect sustainable DAPL pumping rates.  
Mineral formation within the aquifer, discussed previously, could also impact aquifer porosity 
and conductivity.  Sustainable pumping rates will be evaluated by increasing the pumping rate in 
step changes and monitoring drawdown of the DAPL/Diffuse Layer interface and associated 
chemical changes in the extracted DAPL. 
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The monitoring system to evaluate feasibility of extracting the DAPL required installation of a 
specialized monitoring network including induction logging wells and closely spaced multi-port 
wells to observe conditions in proximity to the extraction well with a high degree of resolution.   
In additional to the various wells described above, ammonia will be monitored at established in 
overlying groundwater at specific locations.  

1.2 Key Contacts 

The following table lists the key contacts for the DAPL Extraction System Operations.  

Name  Title Telephone 
Brian Guichard 
Olin Corporation 
51 Eames Street 
Wilmington, MA 01887 

Facility Manager 
(Emergency Coordinator) 

Office:  978-658-6121 
Mobile:  508-265-8615  

Mr. Leroy Johnson 
Olin Corporation 
51 Eames Street 
Wilmington, MA 01887 

Extraction System Operator 
Office:  978-658-6121 
Mobile: 508-265-5143  

 

James Cashwell 
Olin Corporation 
3855 Ocoee St, Suite 200 
Cleveland, TN 37312 

Principal Environmental Specialist Office:  423-336-4012 
Mobile:  423-650-1836 

The following are the key regulatory agency contacts: 

Name  Title Telephone 
Jim DiLorenzo EPA Remedial Project Manager 617-918-1247 
Joseph Coyne MassDEP contact 617-348-4066 
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2.0 DAPL EXTRACTION AND MONITORING SYSTEM 

2.1 Extraction System Summary 

The DAPL Pilot is being conducted within the off-PWD DAPL Pool, which is contained within a 
broad bedrock depression with an interpreted extent as shown on Figure 2. The DAPL 
extraction well and monitoring well network are located on the property at 8 Jewel Drive.  The 
DAPL Pilot system consists of a single extraction well and a closely spaced monitoring well 
network proximate to the extraction well.   The extraction well (EX-1) is located in the deepest 
accessible portion of the bedrock depression where DAPL approaches its maximum thickness.  
The extracted DAPL will be pumped through a heat-traced, dual-wall conveyance pipe to a dual-
wall storage tank located on the Olin property at 51 Eames Street where it will be offloaded to 
tanker trucks for off-site transport and disposal.  

Details of the extraction system are provided in construction plans and specifications in 
Appendix A.  Major components of the system are described below and in subsequent sections.  
The following subsection also describes the extraction system and monitoring network.  The 
DAPL will be extracted from a well screened within the bottom five feet of the DAPL pool.  At the 
extraction well, the ground surface elevation is approximately 88 feet MSL, based on prior spot 
elevation surveys.  The top of the DAPL pool is estimated at 55 feet MSL and the top of bedrock 
near 43 feet MSL.  The DAPL pool has an estimated thickness of 12 feet1.  Extraction well 
installation is described in more detail below.   

The extraction well is located within a 6-foot by 6-foot by 3-foot 11 inch deep enclosure vault 
with double-leaf access doors on the 8 Jewel drive property.  The extraction pump is an 
electrically-operated variable speed peristaltic type pump with maximum 11 gpm flow rate and 
rated discharge pressure of 230 pounds per square inch (psi).  The pump discharges through a 
conveyance system comprised of a 1½-inch diameter high density polyethylene (HDPE) carrier 
pipe contained within a 4-inch diameter containment pipe.  The use of a peristaltic pump 
isolates the mechanical pump parts from the DAPL to address potential corrosion related 
issues. 

The carrier pipe runs in an underground utility trench from the pump enclosure vault through a 
series of Inspection/Cleanout (I/CO) structures to I/CO-3 located on the 51 Eames Street Olin 
property.  From there, the carrier pipe runs above ground on the Olin property where it 
discharges into an above-ground 8,700 gallon dual-wall HDPE storage tank located on the dock 
of the West Warehouse building.   

Electrical service to operate the pump is provided by conductors installed from the extraction 
system main control panel located on the Olin 51 Eames Street property at the West 
Warehouse through electrical conduit alongside the DAPL carrier pipe.  Heat trace and 
                                                
1 The most recent estimate of DAPL thickness in the off-PWD Study Area is based on the results of the inductance 
logging performed in July 2010, as summarized in Geomega (2011) and direct push investigations conducted and 
well installations completed in 2011.  
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instrumentation conduits also run alongside the carrier pipe.  An electrical equipment rack at 
I/CO-3 provides 230 Volt (V) single-phase power service for the DAPL extraction pump.  

Drawing C-101 shows the proposed Site Plan and Drawings C-201 through C-304 show 
equipment layouts and details.  The Piping and Instrumentation Diagram (P&ID) for the DAPL 
extraction system is shown in Drawing D-601.  Drawings E-001 and E-101 through E-103, along 
with E-601 and E-602, show electrical equipment plans and details.  These drawings are 
included in Appendix A. 

The extraction well is a 6-inch diameter, Schedule 40 polyvinyl chloride (PVC) well with a 5-foot 
long, continuous slot (0.010-inch) well screen installed approximately 40 to 45 feet below the 
ground surface.  The extraction well was installed by rotosonic drilling methods to minimize 
physical disturbance of the formation.  The extraction well includes a two foot sump installed 
into the top of bedrock.  Above the sump, the well screens the bottom 5 feet of the DAPL which 
sits above the top of rock and a thin basal till zone.  The sand pack constructed from #00 U.S 
Silica Filpro™ well sand, extends two feet above the top of screen and is sealed with three feet 
of bentonite chips.  The remainder of the well annulus is grouted to the surface with a 
cement/bentonite grout.   

The top of the riser section includes a transition to three five-foot sections of threaded carbon 
steel casing to facilitate completion of the well head vault and protection of the well.  The bottom 
seven feet of the steel riser section was grouted in-place with cement allowing the uppermost 
five-foot section to be removed temporarily to facilitate placement of the vault and protect the 
well casing from potential damage.  A ½ -inch diameter PVC drop tube is positioned within the 
bottom of the well screen and connected to the peristaltic pump.   

2.2 Monitoring Well Network 

The monitoring network around the pumping well includes two multilevel piezometers and two 
induction logging wells.  The configuration of the monitoring well network was adapted to a 
revised location for the extraction well.  The details of the well locations and configuration are 
depicted in Figure 2 and Figure 3.  The multilevel piezometers are located at distances 
approximately 6 and 17 feet upgradient from the extraction well.  The two induction monitoring 
wells are located at distances of approximately 19 and 34 feet upgradient from the extraction 
well.  This configuration, as shown in Figure 3, pairs one induction logging well with a multilevel 
piezometer approximately 18 feet upgradient from the extraction well. This will be used to 
assess comparability of these two different monitoring approaches. 

The installation of the monitoring wells was overseen by an experienced geologist along with 
USEPA oversight by Nobis Engineering.  The borings for the wells were completed using 
rotosonic methods that provide a continuous soil core from ground surface. The boreholes were 
logged visually and the soils classified prior to installation of the monitoring wells and multilevel 
piezometers.  Well construction diagrams for the monitoring network are included in  
Appendix B. 
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2.2.1 Induction Logging Wells 

The induction logging wells are two-inch diameter, flush threaded, Schedule 40 PVC risers with 
a solid cap bottom.  These wells were filled with deionized (DI) water as they were constructed 
and installed down the borehole to help overcome buoyancy.  The DI water will remain in the 
wells for logging.  The PVC induction wells were centered in the borehole and the annulus 
backfilled with # 00 U.S Silica Filpro™ well sand to near the ground surface.  The drill casing 
was removed as the annulus was backfilled.  The induction logging wells were completed within 
a flush-mounted road box.  The road box was bedded in gravel to facilitate drainage.   

The induction wells will be inductively logged prior to and during the extraction test period.  The 
induction logging data will be plotted with depth from ground surface and the resulting profiles 
used to interpret the depth of the DAPL/diffuse groundwater interface.  Multiple logging events 
will be compared to monitor perturbations or instability in the DAPL/diffuse groundwater 
interface during the extraction test.  Two other wells, GW-43D and GW-42D, will also be 
inductively logged to observe conditions approximately 200 feet away in the Upper DAPL pool.   

Induction logging will be completed with a Geonics EM39 probe that provides measurement of 
the electrical conductivity of the soil and fluids surrounding the monitoring well using an 
inductive electromagnetic technique.  The unit has a large conductivity range, high sensitivity, 
and very low noise and drift, which will allow accurate measurement of subsurface conditions.  
This is the same type of probe used previously at the Site and will allow greater comparability 
with historical inductance logging data.   

The probe will be lowered into the borehole and retrieved using a Geonics dedicated winch and 
console system.  Measurements will be recorded with a digital data logger. The standard 
operating procedure for induction logging is included in Appendix C. 

2.2.2 Multilevel Piezometer Construction 

The 2-inch diameter multilevel piezometers were constructed using the Model 401 Waterloo 
System from SolinstTM with single stem PVC sample ports.  The piezometers were constructed 
within a temporarily-cased 6-inch diameter borehole completed by rotosonic drilling methods.  
The casing was withdrawn as the annulus of the well was carefully backfilled using a tremie pipe 
with sand and bentonite chips around the sampling ports and riser pipe sections of the multilevel 
piezometer, respectively.  The sand pack around the sample ports are # 000 U.S Silica Filpro™  
well sand.  After a sand pack was completed around a sample port, a bentonite pellet seal was 
placed between it and the next sand pack and sample port.  The depth to ground surface and 
the diameter of the tubing were recorded in the log book and on a well construction diagram.   

The number of multilevel ports that can be installed is dependent on the tubing diameter.  A 
larger diameter port tubing (1/2” OD x 3/8”ID) was used to facilitate physical measurement of 
the potentiometric surface at three selected ports as shown on the construction diagrams.  The 
other remaining port sample tubes are smaller diameter (3/8”OD x ¼”ID) to permit the tubing 
bundle to fit within the well casing and manifold.  All ports are suitable for sample collection 
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using a peristaltic pump.  The larger diameter tubing includes one port in the overlying 
groundwater, one port in the Diffuse Layer, and one port in the DAPL to allow physical 
measurement of potentiometric surfaces in all three of these zones.   

 



Olin Corporation 
Olin Wilmington Chemical Superfund Site 
Operations, Maintenance & Performance Monitoring Plan - DAPL Extraction Pilot Test 

Project No.:  6107120016.01.17 Page 3-1  
October 2012 
Final   

 

3.0 DAPL EXTRACTION AND STORAGE SYSTEM  

Construction of the DAPL extraction and monitoring wells was presented in Section 2.0.  The 
following subsections describe the design basis and operation of the following individual 
process units leading from the well: 

• DAPL Extraction Pump 

• DAPL Carrier Piping 

• DAPL Storage Tank 

• Control System 

3.1 DAPL Extraction Pump 

3.1.1 Extraction Pump Description 

The extraction well is equipped with a single DAPL extraction pump with the following 
specifications: 

Parameter  Specifications  
Type:  High performance hose pump (peristaltic pump)   
Manufacturer/Model Watson-Marlow Bredel #SPX25 

Construction: 
Cast iron with 316 SS frame, flanges, clamps, 
and hardware; epoxy shoes, and Buna seals 

Capacity: 8 gpm continuous duty 
Nominal Pump Diameter: 1 inch. 
Maximum discharge pressure:  230 psi 
Suction pressure: 28-foot lift 
Motor: 1.0 hp TEFC 
Operating Speed:  Variable frequency drive 
Power Type:  230V, 60 Hz, 1φ 

3.1.2 Extraction Pump Instrumentation and Controls 

The following table lists the instruments and process IDs associated with the extraction pump 
and enclosure vault.  Please refer to P&ID sheet D-601 in Appendix A for a depiction of the 
instrumentation. 

Instrumentation/Process 
ID Description 
Extraction Pump and Pump Enclosure Vault  
 HS-100 Hand Switch – emergency off at pump enclosure vault 
 HS-103 Hand switch – emergency off at main control panel 
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Instrumentation/Process 
ID Description 
Extraction Pump and Pump Enclosure Vault  
 LS-105 Level Switch indicating extraction pump internal hose break 
 PIT-100 Pressure Indicator Transmitter for extraction pump discharge 
 FE-100 Flow element on extraction pump discharge 
 FIT-100 Flow Indicator Transmitter on extraction pump discharge 
 LSH-100 Level Switch High for pump enclosure vault sump 
 SC-100 Speed Control for extraction pump at main control panel 

 LAH-105 
Level Alarm High for extraction pump internal hose break at 
main control panel 

 PAH-100 Pressure Alarm High for PIT-100 at main control panel 

 FQI-100A 
Flow Totalizing Indicator for extraction pump discharge at 
main control panel (non-resettable) 

 FAH-100 
Flow Alarm High for extraction pump discharge at main 
control panel 

 FAL-100 
Flow Alarm Low for extraction pump discharge at main 
control panel 

 FQI-100B 
Flow Totalizing Indicator for extraction pump discharge at 
main control panel (resettable by operator) 

 FI-100 Flow Indicator at main control panel 

3.1.3 Operational Sequence 

Pump operation (on/off) is controlled by “emergency off” push buttons at the pump enclosure 
vault (HS-100), main control panel (HS-103), electrical equipment rack (HS-200), and by the 
programmable logic controller (PLC) at the main control panel at West Warehouse.  The 
operator is able to control extraction pump speed through a variable frequency drive (VFD) 
speed control adjust (SC-100) located at the main control panel. 

A flow transmitter (FIT-100) on the DAPL carrier pipe provides a flow-proportioned 4-20 milliamp 
(mA) output signal to flow totalizers FQI-100A and FQI-100B and high and low flow alarms 
(FAH-100 and FAL-100).  Flow totalizer FQI-100A totalizes quantity of pumped DAPL from 
inception and is not resettable.  Flow totalizer FQI-100B totalizes current batch pumped flow 
and is configurable and resettable by the operator.  A flow indicator (FI-100) in the main control 
panel provides remote flow indication for the operator.  A pressure indicator transmitter (PIT-
100) monitors pressure in the carrier pipe and provides a remote signal to the high pressure 
alarm.  

Additional instrumentation consists of a high level switch (LSH-100) in the enclosure vault sump 
to monitor accumulation of liquid (in event of a leak within the vault) and provide an open/closed 
circuit signal to the PLC.  A high level hose leak sensor (high level switch [LSH-105]) on the 
extraction pump is “normally closed” and opens at a too high lubricant/liquid level in the pump 
head, indicating failure of the pump hose and accumulation of liquid within the pump head.  
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During normal operation, the pump will operate continuously.  The PLC will initiate the sequence 
for alarm conditions when the following conditions exist relative to the extraction pump system:  

• FQI-100B reaches the batch set point 

• PAH-100 exists (line pressure is too high) 

• LSH-100 exists (extraction well sump is at high level) 

• LAH-105 is active (high level hose leak sensor contacts open – hose break) 

• FAH-100 or FAL-100 exists (high or low flow occurs in the DAPL carrier pipe)  

Alarm conditions consist of immediately stopping the extraction pump, initiating the auto dialer, 
and activating the strobe at the main control panel.  The system will remain inoperable under 
alarm condition until all alarm conditions are cleared and the reset button on the main control 
panel has been activated.  

3.2 DAPL Carrier Piping 

3.2.1 Carrier Piping Description 

Extracted DAPL is conveyed from the extraction pump to the storage tank through 1½-inch 
diameter HPDE carrier piping inside of 4-inch diameter heat-traced and insulated containment 
piping.  Between the pump enclosure vault and I/CO-3, the DAPL piping shares a common 
utility trench with one electric power feed conduit, two instrumentation conduits, and one heat-
trace power conduit.  Cleanout structures are provided to allow inspection and facilitate 
maintenance on the underground force main.  Carrier piping and conduits were installed 
beneath the railroad tail track and spur are contained in Schedule-40 steel casing pipe sleeves. 
A spare pipe sleeve was installed under the rail lines.  An equipment rack at I/CO-3 contains a 
panel mounted fused disconnect switch, power supply (MPZB), heat trace control panel 
(HTCPB), and emergency stop button (HS-103).  The carrier piping and conduits run on above 
ground racks between I/CO-3 and the West Warehouse building.  

Drawings C-101 and E-101 in Appendix A show the approximate location of the pump enclosure 
vault and carrier pipe routing.  Drawings C-301 and D-601 show details of the pump enclosure 
vault and piping and instrumentation diagrams, respectively.   

The I/CO manholes, leak detection manhole, and above ground pipe run are not equipped with 
lighting for inspection/repair/maintenance work after dark.  A portable generator, kept at the Olin 
Property will be used to supply electricity for night time lighting and/or to operate electric hand 
tools.  
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3.2.2 Carrier Piping Instrumentation and Controls 

The following table lists the instruments and process IDs associated with the DAPL carrier 
piping.  Please refer to the P&ID sheet D-601 and Electrical sheet E-102 in Appendix A for a 
depiction of the instrumentation. 

Instrumentation/Process ID Description 

DAPL Carrier Piping 
 HS-103 Hand Switch – emergency off at I/CO-3 equipment rack 
 LSH-101 Level Switch High – inspection/cleanout manhole 1 (I/CO-1) 
 LSH-102 Level Switch High – inspection/cleanout manhole 2 (I/CO-2) 
 LSH-103 Level Switch High – leak detection manhole (LDM-1) 
 LSH-104 Level Switch High – inspection/cleanout manhole 4 (I/CO-2) 
 HTCPB Heat Trace Controller Panel – for underground piping 
 LAH-101 Level Alarm High – inspection/cleanout manhole 1 (I/CO-1) 
 LAH-102 Level Alarm High – inspection/cleanout manhole 2 (I/CO-1) 
 LAH-103 Level Alarm High – leak detection manhole 1 (LDM-1) 
 LAH-104 Level Alarm High – inspection/cleanout manhole 3 (I/CO-3) 
 YAH-100 Heat Trace Controller Fault 

3.2.3 Operational Sequence 

During normal operation, the pump will operate continuously.  Each I/CO manhole and Leak 
Detection Manhole (LDM-1) are fitted with a high level switch that provides an open/closed 
circuit signal to the PLC at the main control panel.  In the event of a malfunction in the heat 
trace system, Heat Trace Controller Panel B provides a fault signal to the PLC relative to the 
heat trace cable between I/CO-3 and the enclosure vault.  

The PLC will initiate the sequence for alarm conditions when the following conditions exist in 
one or more of the following structures:  

• Manhole(s) (I/CO-1, I/CO-2, LDM-1and  I/CO-3) is at high level - LSH-101 through LSH-
104 respectively are activated 

Alarm conditions consist of immediately stopping the extraction pump, initiating the auto dialer, 
and activating the strobe at the main control panel.  The system will remain inoperable under 
alarm condition until all alarm conditions are cleared and the manual reset button on the main 
control panel has been activated.  

The PLC will initiate the sequence for warning conditions when the following conditions exist:  

•  Piping heat trace controller fault - YAH-100 is activated. 
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Warning conditions consist of initiating the auto dialer and activating the strobe at the main 
control panel.  The extraction pump will continue to operate under warning conditions.   

3.3 DAPL Storage Tank 

3.3.1 Storage Tank Description 

The DAPL storage tank (T-1) is an 8,700-gallon rotationally-molded, HDPE, double wall tank 
with an oxidation resistant liner system and a leak detection system.  DAPL carrier pipe enters 
the tank through a fitting on the top of the tank and discharges above the high liquid level.  This 
is to prevent back-siphoning of DAPL if a leak were to occur in the carrier piping between the 
extraction pump and the tank.  DAPL is removed from the tank through a 4-inch diameter siphon 
pipe that begins 2-inches above the tank bottom and extends up through the tank top and down 
the outside wall, terminating with a 4-inch quick disconnect fitting (Kamlock) for connection to a 
hose with compatible fittings on a vacuum transport truck.  A manually operated ball valve with 
chain wheel is provided at the top of the siphon loop to control discharge, and a ½-inch ball 
valve is provided as a manual vacuum breaker for discharge piping.  The tank is vented through 
a 6-inch vent fitted with an insect screen in the tank top.  The DAPL tank is insulated and heat 
traced.   

3.3.2 Storage Tank Instrumentation and Controls 

The following table lists the instruments and process IDs associated with the DAPL storage 
tank.  Please refer to the P&ID sheet D-601 for a depiction of the instrumentation. 

Instrumentation/Process ID Description 
DAPL Storage Tank  
 LS-201 Level Switch – supplied with storage tank (T-1) 
 TLMP Tank Leak Monitor Panel – supplied with storage tank (T-1) 
 LSHH-200 Level Switch High High – storage tank (T-1) 
 LT-200 Level Transmitter – storage tank (T-1) 
 HTCPA Heat Trace Control Panel – piping railroad crossing to tank (T-1) 
 THTCP Tank Heat Trace Control Panel – storage tank (T-1) 
 LAH-201 Tank Leak Alarm– storage tank/LS201 
 LAHH-200 Level Alarm High High – storage tank/LSHH-200 
 LI-200 Level indicator – storage tank/LT-200 
 LAH-200 Level Alarm High - storage tank/LT-200 
 YAH-200 Heat Trace Controller Fault – storage tank/THTCP 
 YAH-201 Heat Trace Controller Fault – carrier piping/HTCPA 
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3.3.3 Operational Sequence 

During normal operation, a level transmitter (LT-200) mounted through the tank top monitors 
DAPL level in the tank and provides a level-proportioned signal to a level indicator (LI-200) and 
high level alarm (LAH-200).  This alarm initiates the auto dialer.  The auto dialer will continue to 
call out until acknowledged.  A high high level alarm (LAHH-200) provides system redundancy 
and shuts the system down when activated as described below.  

Additional instrumentation includes a level switch (LS-201) that monitors the space between the 
inner and outer tank walls for accumulation of DAPL that would indicate a leak in the inner tank.  
The level sensor provides an open/closed circuit indication to the tank leak monitor panel 
(TLMP) to Tank Leak Alarm (LAH-201).  A high high level switch (LSHH-200) monitors the tank 
interior for high levels of DAPL and provides an open/closed circuit indication to high high level 
alarm LAHH-200.  If the LSHH-200 contact is made, then the system will shut down 
automatically and the high high level alarm will be indicated.  The system will have to be 
manually re-started under this condition.    

A tank heat trace control panel (THTCP) controls the heating pads provided for tank T-1, and 
piping heat trace control panel (HTCPA) controls heat trace for DAPL piping between the 
railroad crossing and the DAPL storage tank.  In the event of a malfunction in the tank heat 
trace system, the THTCP provides a fault signal to the PLC which activates the alarm system.  
In the event of a malfunction in the piping heat trace system, HTCPA provides a fault signal to 
the PLC which activates the alarm/warning system.   

During normal operation, the extraction pump will operate continuously.  The PLC will initiate the 
sequence for alarm conditions when the following conditions exist:  

• LAH-200 is activated when the tank is full 

• LAHH is activated when the tank is overfilled 

• LAH-201  is activated when the inner tank has a leak  

LAH-200 Alarm conditions consist of initiating the auto dialer and activating the strobe at the 
main control panel.  LAHH-200 and LAH-201 alarm conditions immediately stops the extraction 
pump.  The system will remain inoperable under alarm condition until all alarm conditions are 
cleared and the reset button on the main control panel has been manually activated.  

The PLC will initiate the sequence for warning conditions when the following conditions exist:  

• YAH-200 is activated when there is a tank heat trace controller fault  

• YAH-201 is activated when there is a piping heat trace controller fault  

Warning conditions consist of initiating the auto dialer and activating the strobe at the main 
control panel.  The extraction pump will continue to operate under warning conditions.   
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3.4 Control System (West Warehouse)  

3.4.1 Control System Description 

The control system located on the 51 Eames Street property at the West Warehouse building 
includes two fused disconnect switches, main control panel, heat trace controller panel for 
above ground piping (HTCPA), tank leak monitor panel (TLMP), and storage THTCP.  The main 
control panel houses the PLC, human machine interface (HMI), pump speed adjust, low-voltage 
(24V) power supply, uninterruptable power supply, an emergency stop push button, reset 
button, and a cellular phone auto dialer.  The PLC handles the input/output (I/O) associated with 
monitoring carrier piping flow and pressure and initiating warning sequences associated heat 
trace controller faults and alarm sequences associated with low/high flow carrier pipe flow; high 
carrier pipe pressure; and high liquid level in the extraction well sump, manholes (I/CO-1, I/CO-
2, I/CO-3, LDM-1), and storage tank (T-1); and tank leak monitor panel.   

The HMI at the main control panel displays the real-time status of equipment, controls, and 
alarms.  The HMI is a touch screen, but also has a keypad.  Navigating through the different 
screens may be done either by touching that screen’s symbol on the touch screen or by using 
the function key (F keys) associated with that screen.  There is no electronic data logging 
conducted; process parameters are read and recorded manually as described later in Section 
4.0. 

The speed adjust controls the VFD for the extraction pump.   

The auto dialer is configured to call the key facility contacts listed in Subsection 1.2 in sequence 
until answered.  The auto dialer may be configured to provide a specific message to each 
individual alarm.  The actual auto dialer message can be customized and recorded by the 
operator.  For example the message when LAH-200 is activated could simply state “level alarm 
condition exists in DAPL storage tank”.   

3.4.2 Instrumentation and Controls 

Instrumentation and controls associated with the operation of the DAPL extraction and storage 
system are described in detail in previous subsections.  Please refer to the Drawings D-601, E-
101, E-102, E-103, and E-601 in Appendix A for a depiction of the instrumentation. 

3.4.3 Operation Sequence 

The PLC I/O schematics are presented on Drawing D-601 in Appendix A. 

System Interlocks 

The control system has the following automatic interlocks that shutdown the extraction pump to 
prevent storage tank overflow, release of DAPL, damage to extraction system components, and 
also trigger the auto dialer and strobe alarm: 
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• There is liquid in the pump hose housing (LS-105).  

• The liquid level in extraction vault sump reaches High Level (LSH-100). 

• There is excessive pressure in the carrier piping (PIT-100).  

• The liquid level in the inspection/cleanout manholes (I/CO-1, I/CO-2, I/CO-3), and leak 
detection manhole (LDM-1) reaches High Level Switch LSH-101, LSH-102, LSH-104, 
and LSH-103, respectively.  

• The liquid level in the storage tank (T-1) reaches High High Level (LSHH-200).  

• The liquid level in interstitial space between the inner and outer storage tank (T-1) walls 
activates LS-200. 

The control system has the following automatic interlocks that trigger the auto dialer and strobe 
alarm, but allow the extraction pump to continue operating:  

• There is a heat trace controller fault (HTCFA) for the carrier piping between the 
extraction vault and leak detection manhole 1.  

• There is a heat trace controller fault (HTCFB) for the carrier piping between the railroad 
crossing and the DAPL storage tank. 

• There is a tank heat trace controller fault (THTCF).  
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4.0 HEALTH AND SAFETY 

The following paragraphs provide brief information regarding health and safety related to the 
OM&PM Plan at the Site.  Additional information concerning Site health and safety requirements 
is available in the Olin Corporation Health and Safety Plan (HASP) for Contractors. 

4.1 Directions to Hospital 

In the event of a medical emergency requiring medical assistance, call 911 and summons an 
ambulance.  The emergency hospital for the Site is Winchester Hospital.  This hospital is 
located approximately 7 miles from the Site at 41 Highland Avenue, Winchester, 
Massachusetts.  The telephone number is (781) 729-9000. 

Quickest route (7.5 miles, 13 minutes): 

• From the Site, turn northeast on Eames Street towards Woburn Street, proceed 0.5 
miles. 

• Turn left at Woburn Street, proceed 0.5 miles 

• Turn right at Lowell Street, proceed 0.6 miles 

• Take ramp onto I-93 South, proceed 4 miles. 

• Take Exit 36 for Montvale Avenue toward Stoneham/Woburn, proceed 0.3 miles. 

• Turn right at Montvale Avenue, proceed 0.2 miles. 

• Turn left at Washington Street, proceed 0.9 miles 

• Turn left at Forest St, proceed 0.2 miles. 

• Take the third right, proceed 92 feet. 

• Turn right at Highland Avenue, proceed 0.2 miles.  Hospital will be on the right. 

Alternate route (6.3 miles, 15 minutes): 

• From the Site, head southwest on Eames Street towards Main Street, proceed 476 feet. 

• Turn left at Main Street, proceed 3.4 miles. 

• Turn left at Union Street, proceed 0.2 miles. 

• Slight left at Montvale Avenue, 1.3 miles. 

• Turn right at Washington Street, proceed 0.9 miles 

• Turn left at Forest St, proceed 0.2 miles. 

• Take the third right, proceed 92 feet. 

• Turn right at Highland Avenue, proceed 0.2 miles. Hospital will be on the right.  
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4.2 Safety Shower / Eyewash Stations 

An emergency eyewash will be available adjacent to the DAPL storage tank during unloading 
operations.  There is an existing emergency shower and eyewash station located in Plant B.  A 
portable eyewash bottle will be available during maintenance and sampling activities on the 
Jewel Drive portion of the DAPL pilot system. 

4.3 Safety Equipment 

Depending upon the task at hand, one or more of the following safety equipment devices or 
items may be required to complete a specific task: 

• Photoionization Detector (PID): 

• Lockout/tagout (LOTO) kit 

Note that the DAPL material does not contain more than trace concentration volatile organic 
compounds.  A series of PID screenings of clean out structures and the well vault atmosphere 
should be conducted early in the operating program to verify these structures do not contain 
VOCs in the atmosphere.  Once documented it should not be necessary to conduct such 
screening on an on-going basis. 

4.4 Personal Protective Equipment Requirements 

Most routine OM&PM activities require Level D personal protective equipment (PPE) which 
includes:   

• steel toe boots 

• hard hat (for any activities around heavy equipment or overhead obstructions) 

• safety glasses (or goggles or face shield) 

• safety vest (around heavy equipment or traffic, as needed) 

• hearing protection (as needed) 

• gloves (type is dependent upon the task) 

Refer to the HASP for task-specific PPE requirements.   

4.5 Fire Extinguisher 

A fire extinguisher is currently located on the East Warehouse dock and will be relocated 
adjacent to the main control panel in the West Warehouse.   
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4.6 Telephone 

A cell phone auto dialer is located at the main control panel.  Olin on-site personnel carry mobile 
phones; the auto dialer phone can also be used as a phone during emergencies, and can 
receive calls.  The auto dialer phone number will be determined when the service is activated. 

4.7 Lockout/Tagout 

To ensure that all individuals working at the Site are protected from accidental or unexpected 
activation of mechanical and/ or electrical equipments during maintenance, repairing, cleaning, 
servicing, or adjusting of any machinery or equipment, Olin’s site LOTO procedures will be 
implemented (see Site Health and Safety Plan for specific procedures). 

4.8 Personnel Training and License Requirements 

Because of the elevated levels of contaminants in the DAPL/groundwater at the Site, OSHA 40-
hour hazardous waste operations training (HAZWOPER), as outlined in 29 CFR Part 1910.120, 
is required for Site personnel for certain tasks.  Refer to the HASP for detailed information on 
training requirements. 
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5.0 SYSTEM START UP AND SHUT DOWN PROCEDURES 

5.1 System Start Up 

Controls for pump operation are located on the main control panel as discussed in Subsection 
3.4.1.  

If the system is shut down automatically by the PLC as a result of alarm conditions, it cannot be 
restarted until all alarm conditions are cleared and the reset button has been pushed on the 
main control panel.   

As a general summary, to start up DAPL extraction system, the following procedure should be 
followed: 

Startup Sequence Comments 
1. Inspect the 

extraction system 
• Check the piping for integrity.  
• Repair faulty or damaged piping before continuing with system start-up 

procedures. 
• Check for correct manual valve positioning. 

− Carrier pipe valves are open. 
− Sample port is closed. 
− Discharge pipe valve is closed. 
− Vacuum breaker valve is closed. 

• Check the position of all level sensors to ensure they are secure and the 
float set points are positioned properly. 

2. Energize the 
Extraction Pump 

• Energize the main panel. 
• Push the reset button on the main control panel. 

3. Check the 
System for 
Proper Operation 

• Check PLC and enunciator for any alarm conditions and address 
accordingly.   

• Confirm that extraction pump begins operating.  
• Adjust pump speed to desired point. 
• Confirm that all flow meters and pressure indicators are within their proper 

ranges. 

5.2 System Shut Down 

To manually shutdown the extraction system, push the emergency stop button at any one of 
three locations: the main control panel, the electrical equipment rack, and in the pump enclosure 
vault. 

The extraction pump needs to be shutdown manually if: 

• A leak is identified in the carrier piping. 
• Maintenance of the equipment or troubleshooting of the system is required. 

The system will shut down automatically for alarm conditions discussed previously. 



Olin Corporation 
Olin Wilmington Chemical Superfund Site 
Operations, Maintenance & Performance Monitoring Plan - DAPL Extraction Pilot Test 

Project No.:  6107120016.01.17 Page 6-1  
October 2012 
Final   

 

6.0 TANK TRUCK LOADING OPERATIONS 

Personnel should exercise care when transferring DAPL to avoid leaks and/or spills.  In addition 
to the tank truck driver, an Olin employee will be present whenever DAPL is being transferred to 
assist the driver and monitor transfer operations.  Portable drip pans will be placed beneath the 
transfer pipe connection to the tank truck and beneath the aboveground storage tank discharge 
connection.   

6.1 Site-Specific Procedures 

Table 1 contains a check list to be followed during DAPL transfer.  These procedures may be 
modified as appropriate if approved by the Emergency Coordinator and facility personnel 
responsible for overseeing chemical pickup. 
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7.0 ROUTINE OPERATION AND MAINTENANCE 

It is anticipated the extraction pump will require minimal maintenance other than disassembly 
and lubrication of the pump head at appropriate intervals. At this time the pump head tubing will 
also be replaced, if needed.  The pump head tubing will be inspected for wear at routine 
intervals initially, to establish the appropriate replacement and inspection interval.  The dual wall 
carrier piping and storage tank should not require maintenance.  The primary operational 
requirements for the DAPL Extraction System will be periodic adjustment of the pumping rate 
and loading of tanker trucks for DAPL disposal.   

Since the objective for pumping is minimal to no drawdown, there is no technical requirement for 
the extraction system to operate continuously, and the pump will be shut down for short periods 
of time as system operations demand.   

The schedule for routine inspections and maintenance to be performed at the extraction system 
will be developed based on operation needs and operator judgment as experience is gained 
with the system.  Thorough inspections will be conducted as part of the pre-startup safety and 
operations reviews.  In the initial period following start-up the frequency of routine inspections 
will be higher and gradually reduced in accordance with maintenance and inspection needs.   If 
any component of the extraction system is determined to be defective, or to have failed, the 
condition and its cause will be investigated and documented.  Actions to correct the deficiency 
and prevent a re-occurrence will be documented and be placed on file in the 51 Eames Street 
Office.   

Inspection and maintenance activities shall be conducted in accordance with the HASP.  In 
addition to the inspection and maintenance forms, the operator will maintain a Site log book for 
documenting work performed, samples collected, unusual conditions, and other observations.   

Routine inspections will occur during normal Olin weekday work hours (i.e., Monday through 
Friday) and will include the following general types of activities: 

• Check for and respond to warning and/or alarm conditions (whenever at main control 
panel). 

• Check extraction pump flow rate (FQ1-100A). 

• Check extraction system discharge pressure (PAH-100). 

• Visually inspect the storage tank and tank piping for evidence of damage, needed 
maintenance, or other issues. 

• Check that storage tank discharge valve is closed and locked.  

• Confirm that communication equipment is working (i.e., auto dialer cell phone). 

• Check pump hose lubricant. 
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• Visually inspect pump enclosure vaults/ inspection/cleanout manholes for evidence of 
leaks, or needed maintenance. 

• Visually inspect above ground carrier piping, conduits, and electrical equipment rack for 
evidence damage to insulation, or needed maintenance. 

• Check for buildup of solids/precipitate in storage tank.  

Routine maintenance will typically include lubricating and replacing pump head hoses, and on 
an infrequent basis verifying operation of the portable generator.   

7.1 Leaks and Spills 

If a DAPL spill or leak occurs, actions would be taken to prevent further release and migration of 
DAPL and to cleanup spilled material.  DAPL extraction would be stopped, and the cause of the 
release determined.  For a leak or spill within the pump enclosure vault, the inspection/cleanout 
structures, and leak detection manhole, or the West Warehouse, the spilled material would be 
removed.  Liquid material may be added to the aboveground storage tank for disposal.  Should 
a leak or spill occur outside, absorbent material would be immediately placed to contain and 
soak up any pooled liquid.  Materials generated as result of spills, leaks or system maintenance 
will be characterized appropriately and disposed of according to state and federal regulations.  
Any additional conditions are covered in the Site Contingency Plan. 

EPA will be informed of any spills or leaks within 24-hours after the incident is discovered. 

7.2 Retention of Records 

All inspection forms, log books, manifests, bills of lading, test results, reports, incident reports, 
and other pertinent records are to be maintained according to Olin’s Records Retention Policy. 
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8.0 TROUBLESHOOTING 

The troubleshooting guide is provided in tabular format addressing potential operation issues for 
the DAPL extraction system.  Further information may be found in the equipment or 
instrumentation documentation materials presented in Appendix D or by contacting the 
appropriate vendor, supplier, or contractor (contact information provided in Appendix E). 

EQUIPMENT BASED TROUBLESHOOTING GUIDE  
 
Equipment Possible Trouble Possible Cause Corrective Action(s) 
Extraction 
Pump   

Extraction Pump 
does not operate 
(no/low flow) 

• Electric feed from main 
power supply shut off.  

• Turn on main power supply. 

  • Emergency stop(s) 
locked in closed 
position 

• Unlock/open emergency stop(s). 

  • Automatic shutdown 
because of pump hose 
leak (LS-105) 

• LOTO as necessary.  Verify hose 
leak and/or switch function.  
Replace hose if needed.  Replace 
switch if appropriate.  Reset alarm 
at main control panel by pressing 
reset button 

  • Automatic shutdown 
because of high liquid 
level in enclosure vault 
sump (LSH-100) 
 

• LOTO as necessary.  Remove 
liquid if present; identify source; 
repair piping, fittings, or vault as 
appropriate to prevent further liquid 
accumulation.  Verify switch 
function.  Reset alarm at main 
control panel by pressing reset 
button.  

  • Automatic shutdown 
because of high liquid 
level in 
inspection/cleanout 
manholes or leak 
detection manhole 
(LSH-101 through 
LSH-104) 

• LOTO as necessary.  Remove 
liquid if present; identify source; 
repair piping, fittings, or vault as 
appropriate to prevent further liquid 
accumulation.  Verify switch 
function.  Reset alarm at main 
control panel by pressing reset 
button.  
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EQUIPMENT BASED TROUBLESHOOTING GUIDE  
 
Equipment Possible Trouble Possible Cause Corrective Action(s) 
Extraction 
Pump 
(cont.) 

Extraction Pump 
does not operate 
(no/low flow) 
(cont.) 

• Automatic shutdown 
because of high 
pressure in carrier 
piping (PIT-100) 
 

• LOTO as necessary.  Use PLC to 
confirm high system pressure prior 
to shutdown.  Check position of 
downstream isolation valve in 
enclosure vault and in-line shut-off 
valves in I/CO-3 and LDM-1 
(should be open).  Verify function of 
PIT-100, repair/replace if 
appropriate.  Check for 
obstructions in carrier piping, clear 
if needed.  Reset alarm at main 
control panel by pressing reset 
button.  

  • Automatic shutdown 
because of storage tank 
high level (LI-200)  

• Visually confirm high liquid level in 
storage tank, remove DAPL if 
needed.  Check settings for LAH-
200.  Verify LI-100 function, 
repair/replace if appropriate.  Reset 
alarm at main control panel by 
pressing reset button.  

  • Automatic shutdown 
because of storage tank 
high high level (LSHH-
200) 

• Visually confirm high liquid level in 
storage tank, remove DAPL if 
needed.  Check settings for LSHH-
200.  Verify LSHH-200 function, 
repair/replace if appropriate.  Reset 
alarm at main control panel by 
pressing reset button. 

  • Automatic shutdown 
because of storage tank 
leak (LS-201) 

• Visually confirm liquid 
presence/level between tank walls.  
Identify source, remove interstitial 
liquid and DAPL from tank, repair 
/replace storage tank if needed.  
Check settings for LSHH-200.  
Verify LSHH-200 function, 
repair/replace if appropriate.  Reset 
alarm at main control panel by 
pressing reset button. 

  • Pump motor failure 
 

• LOTO as necessary.  Remove and 
inspect pump. Repair per 
manufacturer’s instructions.  
Replace if necessary. 

  • VFD failure • LOTO as necessary.  Inspect VFD. 
Repair per manufacturer’s 
instructions.  Replace if necessary. 
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9.0 PERFORMANCE MONITORING  

Effectiveness of the OPWD pilot system will be monitored by assessing the performance of the 
system, as well as assessing certain primary criteria as outlined below.  Figures 2 and 3 present 
the DAPL Pilot monitoring well network. 

The primary criteria that will be important in evaluating the performance of the DAPL recovery 
system include:  

• DAPL/Diffuse Layer Interface Drawdown:  The amount of drawdown of the DAPL/Diffuse 
Layer interface near the extraction well that occurs in response to pumping at different 
rates.  In a system that is operating properly, the DAPL interface elevation will be similar 
across the OPWD DAPL pool (both near the extraction point and at points further away) 
while DAPL is being extracted.  The measure of this criterion will be the induction 
logging results.  

• Constituent Concentrations:  The DAPL pumping rate that can be sustained without 
adversely affecting overlying groundwater contaminant concentrations and causing 
measurable intrusion of higher pH Diffuse Layer and overlying groundwater into the 
DAPL.  The primary measure of this criterion will be physical collection and analysis of 
DAPL/ Diffuse Layer, and groundwater samples from multilevel piezometers in 
combination with inductance logging results.  

• Mechanical Characteristics:  Fouling or clogging of the extraction well, pumping system 
and carrier pipe.  The best measure of these elements will be maintenance required to 
keep the system operating in accordance with design objectives.   

This section discusses the monitoring approach, schedule, and sampling and analytical 
programs.  The discussions are divided between the baseline and the active DAPL recovery 
phases of the Pilot Test.   

9.1 Monitoring Approach  

The technical approach to performance monitoring includes a baseline phase prior to extraction 
system startup, and a DAPL extraction phase. The extraction phase assumes three DAPL 
recovery pumping step changes at 0.5, 1.0, and 2.0 gpm pumping rates.   

9.1.1 Baseline Monitoring Phase  

The baseline monitoring program includes a short monitoring period to assess stable aquifer 
conditions.  There is a potential that prior well installations could have disturbed the Diffuse 
Layer/overlying groundwater or DAPL/Diffuse Layer interfaces.  The wells were installed nearly 
one year prior to system startup, so we anticipate that the referenced interfaces have had 
adequate time to stabilize.  Therefore, the baseline monitoring phase will consist initially of two 
inductance logging and multilevel piezometer sampling events prior to system start up.  The 
multilevel monitoring program will include collection of DAPL, Diffuse Layer, and overlying 
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groundwater samples and monitoring water levels. The paired multilevel piezometer and 
induction logging well will be monitored simultaneously to verify that groundwater sampling does 
not induce measurable changes or perturbations in the conductivity profile.  These wells have 
been installed as close to one another as possible (2 to 3 feet) given site drilling and access 
conditions.  This will require that the induction logging be conducted multiple times while the 
multilevel piezometer is being sampled.   

The baseline data will be used to:  

• Provide an initial assessment of variability in monitoring parameters in individual 
multilevel piezometer ports;  

• Provide an indication of the elevation of the DAPL/Diffuse Layer and Diffuse 
Layer/overlying groundwater interfaces based on chemical and induction logging data; 
and 

• Evaluate whether physical extraction of groundwater samples from the multilevel 
piezometers produces a measurable change in induction logging results in the paired 
induction logging wells.   

Analysis of the DAPL, Diffuse Layer, and overlying groundwater samples will include 
measurement of sulfate, chloride, and ferrous and total iron, obtaining ferric iron by subtraction.  
Overlying groundwater samples will also be analyzed for ammonia.  These parameters were 
selected as reliable indicators by which to monitor intrusion of the DAPL/Diffuse Layer interface, 
the potential for precipitation reactions, and increases of DAPL constituents in overlying 
overburden groundwater.  The analysis will be by HACH field test kits conducted on-site by Olin 
personnel.  Water quality parameters including pH, specific-conductance, oxidation-reduction 
potential (ORP), temperature, and turbidity will be obtained with a calibrated water quality meter 
in a flow-through cell prior to sample collection.  The analytical program includes split samples 
that will be submitted to an off-site laboratory.  The proposed monitoring Schedule is described 
in Subsection 9.2.  

Water quality monitoring in MP-2 will be limited to ports that span the DAPL/Diffuse Layer and 
Diffuse Layer/overlying groundwater interfaces.  Table 2 summarizes select parameter data 
from MP-2 collected in 2010.  Based on this table, the ports initially selected for monitoring in 
MP-2 include ports 3 through 7 to characterize vertical distribution of water quality parameters 
and the interface between DAPL and Diffuse Layer and ports 10 through 13 to characterize the 
Diffuse Layer and overlying groundwater interface.  Based on monitoring data, these port 
selections may be modified. 

9.1.2 DAPL Extraction Monitoring Period  

Monitoring during the DAPL Pilot is designed primarily to evaluate potential changes at the 
DAPL/Diffuse Layer interface and the Diffuse Layer/ overlying groundwater interface in proximity 
to the extraction well.  The DAPL Pilot includes three DAPL extraction periods (Pumping Step 1 
– 0.5 gpm, Pumping Step 2 – 1 gpm, and Pumping Step 3 – 2 gpm).  The rate will be increased 
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assuming each preceding pumping step can be successfully demonstrated.  We have assumed 
the following durations:  Pumping Step 1 – 13 weeks; Pumping Step 2 – 17 weeks; Pumping 
Step 3 – 23 weeks.  Assuming monitoring indicates successful pumping during each step, this 
schedule will be maintained.  Pumping may be stopped, or the rate reduced, if adverse mixing 
or drawdown is observed in the DAPL/Diffuse Layer interface and/or overlying groundwater, 
respectively.   

The DAPL Pilot will closely monitor the conditions in proximity to the pumping well and within 
the DAPL pool at two wells (GW43DR and GW-42D) located within two hundred and forty feet 
of the extraction point.  The monitoring well network and monitoring approach are intended to:  

• Monitor the response of the DAPL/Diffuse Layer and Diffuse Layer/overlying 
groundwater interfaces during pumping; 

• Assess trends of monitored parameters in the DAPL, Diffuse Layer, and overlying 
groundwater in proximity to the extraction well during pumping; 

• Monitor specific physical and chemical characteristics of extracted DAPL; and  

• Monitor ammonia concentrations in overlying groundwater during the performance 
period of the DAPL Extraction Pilot Test. 

9.2 Monitoring Schedule  

The schedule for monitoring will be adjusted as the test progresses using an observational 
approach that is intended to optimize the monitoring program.  The optimization objectives are 
aimed at eliminating data collection activities that do not yield usable results, and adding 
activities that enhance data usability.  Tables 3 through 6 provide an overview of the proposed 
monitoring schedule for water level, induction monitoring and sample collection.  If an extended 
pumping period is needed (> 1 year), the monitoring schedule in Table 7 would apply. Note that 
as the test progresses, the frequency of monitoring decreases during each of the phases.  Olin 
intends to modify monitoring frequency as appropriate based on results as they are received 
and an understanding of data variability is gained.  Olin will notify USEPA of the proposed 
modification prior to implementation.     

9.2.1 Baseline Monitoring Period  

Table 3 summarizes the baseline monitoring period. The multilevel piezometers and induction 
logging wells will be monitored (e.g., sampled and inductively logged) twice prior to system 
startup.  If additional baseline monitoring is required, USEPA will be notified prior to extending 
the baseline phase.  The baseline monitoring will also include induction logging of GW-43DR 
and GW-42D.    
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9.2.2 DAPL Extraction Period  

Tables 4 through 6 summarize the three pumping steps respectively (Pumping Step 1 – Table 4; 
Pumping Step 2 – Table 5; Pumping Step 3 – Table 6).  If an extended pumping period is 
warranted to evaluate longer term pumping operation, that pumping period length would be 
dependent on the additional data needs (Table 7).   

The initially proposed monitoring is more frequent in the weeks immediately following a pumping 
rate change.  Three monitoring events will occur during the first week of each pumping step, 
and two monitoring events will occur during the second week (Table 4 through 6).  After that, 
sampling events are expected to occur weekly over the next two weeks, every other week for 
the next two to four weeks, and then once every third week.  Monitoring of each pumping step 
will continue as long as needed to confirm conditions are stable prior to moving to the next 
pumping step.  Monitoring frequency may be adjusted as experience with the system is gained. 

As discussed previously, the objective of the monitoring is to collect data that documents the 
response of the system to pumping.  If, during early stages of monitoring, data indicate that 
more frequent data collection is beneficial to the test, the schedule of monitoring will be adjusted 
accordingly and the USEPA notified of proposed changes.  Conversely, if data indicate that the 
monitoring frequency may be reduced, or the number of sample ports monitored modified, the 
USEPA will be notified of those proposed changes.   

9.3 Sample Collection and Analysis  

Sample collection, documentation, and analysis will be completed by procedures specified in 
the Olin Wilmington Quality Assurance Project Plan (MACTEC, 2009) or as specified in this 
document.   

The DAPL Extraction Pilot Test data quality objectives include:  

• Obtaining analytical results for chloride, sulfate, and iron that can be used to monitor 
chemical changes in the DAPL/Diffuse Layer interface and overlying groundwater 
(including ammonia). 

• Obtaining verifiable, analytical results for these parameters within a one to three working 
day time frame from the date of sample collection.   

These data quality objectives will be met through a sample collection and analysis program that 
makes use of on-site chemical analysis and confirmed by 10% off-site laboratory analysis.  The 
on-site portion of the analytical program will be performed by Olin site personnel who will be 
trained by an AMEC chemist.  Sample collection and analysis, as well as Quality Assurance and 
Quality Control (QA/QC), procedures are described in the following sections.   



Olin Corporation 
Olin Wilmington Chemical Superfund Site 
Operations, Maintenance & Performance Monitoring Plan - DAPL Extraction Pilot Test 

Project No.:  6107120016.01.17 Page 9-5  
October 2012 
Final   

 

9.3.1 Groundwater Sample Collection  

Prior to collecting groundwater samples, the water level associated with the overlying 
groundwater, Diffuse Layer and DAPL in each multilevel piezometer will be measured to the 
nearest 0.01 foot using a water level meter and recorded in a log-book.     

Field sampling equipment will be calibrated consistent with the existing RI/FS Work Plan prior to 
each day's use and checked at the end of each day.  Calibration results will be recorded on a 
Field Instrument Calibration Record or in the field notebook  

Groundwater samples will be collected using a peristaltic pump using the dedicated port tubing 
at the wellhead manifold.  The water samples will be collected in sequence from the shallowest 
to deepest port in each multilevel piezometer which is from the least to most highly 
contaminated zones.   

The sand pack around each Solinst port contains an estimated 1.5 liters of fluid volume.  
Depending on diameter and length, the port tubing contains between 0.2 to 0.9 liters.  Therefore 
approximately 1.7 to 2.4 liters of water will be purged from each zone at a flow rate between 150 
to 300 ml/min prior to sample collection.  The fluid (groundwater or DAPL) will be pumped 
through a flow-through cell instrumented with a calibrated water quality probe capable of 
measuring the required parameters (YSI 600 XL, or equivalent).  Parameters will be measured 
every minute and recorded for five minutes or until specific conductance and pH (primary 
decision indicators) are stable within 10 percent of their initial values, whichever is less.  At this 
point, groundwater samples will be collected through a port prior to the flow-through cell or by 
disconnecting the inlet tube to the flow-through cell. The purpose of this procedure is to collect 
representative samples from the interval being monitored but without over purging.  It is 
important that the sampling methodology not cause unintended disturbances to the system 
being monitored.   

The majority of samples will be collected for on-site analysis as indicated in Subsection 9.3.2.  
QA split duplicate samples will be collected for off-site analysis at a frequency of 10 percent 
from the two baseline monitoring events, and first and a middle sample event from each step of 
the DAPL recovery.  The off-site samples will be analyzed for all the same on-site parameters 
and in addition will be analyzed for chromium, calcium, and sodium.   

Field duplicate samples will be collected for on-site analysis at a frequency of five percent for 
each parameter to assess the measurement precision of the overall sampling and analytical 
system.  Aqueous field duplicate samples will be collected immediately after the original sample.  
The field duplicate sample bottle will be filled using the same procedures as the original sample.   

All groundwater samples will be collected in clean, certified sample containers and provided with 
a unique sample identification number that includes sample location, port number, sample date, 
and sample type (i.e., field sample or duplicate).   

Field data will be recorded in a field logbook.   
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9.3.2 Groundwater Sample Analysis  

After collection of groundwater samples, they will be stored in the field on ice until they are 
transported under on-site chain of custody to the Olin 51 Eames Street office where on-site 
analysis will be conducted for sulfate, chloride, ammonia, and ferrous and total iron.  Table 8 
provides a summary of the analytical program.  The analysis will be performed by Olin staff 
using HACH field kits with a portable spectrophotometer and ISE probes identified in Table 8 in 
accordance with manufacturers’ instructions.  A calibration check sample will be run at a 
frequency of 5 percent (one every twenty samples) or once per day if less than twenty samples 
are analyzed.  An AMEC chemist will be available to provide input on sampling activities as 
requested.  An AMEC chemist will conduct a review of the data and results.  This review will 
include review of on-site and off-site split sample results, field duplicate results, calibration 
check standard and results, the laboratory analytical notebook, records, and raw and calculated 
final results.   

Reference sample jars (40 ml vials) will be collected for assessing fluid color during the initial 
day of sampling.  These samples will be used to develop a general color code classification 
system that is consistent with site-specific conditions.   

An on-site laboratory Chain of Custody (COC) form will be completed for each set of samples 
collected and delivered to the on-site laboratory.  When samples are delivered to the on-site 
laboratory, the unused portions of the COC form will be crossed out and the signed by the 
sample manager indicating the transfer of custody.  The on-site laboratory COC form will be 
included in a loose-leaf notebook binder and maintained as a permanent record in the project 
files.  The following information will be recorded on the COC form: 

• Signature of sampler 

• Sample identification number; 

• Date and time of collection 

• Sample matrix 

• List of parameters for analysis 

• Identification of locations where off-site splits were collected 

• Time and date samples were received by the field laboratory 

A laboratory analysis logbook will be completed and maintained on-site at the Olin 51 Eames 
Street Office.  This logbook will contain information recorded on the manufacturer, serial 
number, and lot numbers of all equipment and chemicals and standards used in the analysis of 
samples.   
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The laboratory logbook will include records of:  

• Calibration of analytical equipment 

• Preparation of standards 

• Sample number, sample collection date and time 

• Date and time of analysis 

• Sample dilutions 

• Raw results 

• Final results 

• Continuing check standards  

A chemist will review the on-site laboratory early in the program and provide ongoing review of 
the on-site laboratory logbooks and calculate precision of field duplicates (expressed as relative 
percent difference [RPD]), as shown in the following equation:  

RPD  =  |X1 - X2| x 100  
   (X1 + X2)/2  

Where: RPD = relative percent difference between duplicate results  
  X1 and X2 = results of original sample and duplicate analyses 
     |X1 - X2| = absolute difference between duplicates X1 and X2  

9.3.3 DAPL Sample Collection and Analysis  

A sample of the DAPL will be collected weekly from the pump discharge sample port and 
measured for field parameters (pH, specific conductance, ORP, temperature) and visually 
observed for color.   

9.3.4 Equipment Decontamination  

Within each multilevel piezometer, sampling will be conducted from the least to the most 
contaminated zones.  After a sample is collected, equipment decontamination will consist of 
purging DI water through the peristaltic pump head hose.  Decontamination between wells will 
be performed in accordance with the Final Remedial Investigation/Feasibility Study Work Plan 
(MACTEC, 2009). 

9.3.5 Investigation Derived Waste  

Investigation Derived Waste (IDW) generated by performance monitoring will include purge 
water, decontamination fluids, and laboratory waste.  Disposition of these materials will be 
performed in accordance with the Final Remedial Investigation/Feasibility Study Work Plan 
(MACTEC, 2009). 
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9.4 Data Reporting and Assessment  

This subsection discusses the manner in which data will be managed, reported and evaluated 
during progress of the Pilot Test.  The DAPL Extraction Pilot Test was conceptualized in the 
Release Abatement Measure Plan (MACTEC, 2004); however, it is being implemented under 
the IRSWP (MACTEC, 2008a).  Performance monitoring will be reported in semiannual status 
reports.   

The water quality parameters measured in the field and any other on-site analytical data will be 
transferred into and maintained in an electronic format.  Data will be compiled on a weekly basis 
as it is collected and stored electronically for assessment and archival.  The progress and 
interpretation of the test will be based on this data, definitions of criteria discriminating between 
DAPL, Diffuse Layer, and overlying groundwater, characterization data obtained during baseline 
monitoring, and insights developed during the column studies (Geomega, 2004a and 2004c).  
These criteria and insights, as they are known today, are reviewed below.   

9.4.1 Interface Criteria 

Geomega established criteria defining the DAPL/Diffuse layer interface (Geomega, 1999).  
Based on 1998 sample data, Geomega determined that sample populations of DAPL and 
Diffuse Layer material were statistically different at a 95% confidence level when a specific 
gravity of 1.025 was used as a cutoff point between the sample populations.  Chemical 
parameters were then evaluated to see which one produced significant correlations with DAPL 
or Diffuse Layer material based on this cutoff.  Specific conductivity (>20,600 micro-mhos per 
centimeter [µmhos/cm]), sulfate (>16,000 milligrams per liter [mg/L]) chloride (>2,800 mg/L), 
ammonia (>1,250 mg/L), magnesium (>270 mg/L), and sodium (>1700 mg/L) were all 
determined to have a strong correlation at these values to the 1.025 specific gravity DAPL cutoff 
point.  Other parameters, such as pH, were determined to have only a weak correlation.  
Specific conductance will, therefore, be the primary criteria used to discriminate between DAPL, 
the Diffuse Layer, and overlying groundwater.   

Criteria to discriminate between the Diffuse Layer and the overlying groundwater were based on 
the results of induction logging and multiple-level piezometer data collected during the March 
2003 sampling event (Geomega 2003).  At a 95% confidence level, a specific conductance 
value of 3,000 µmhos/cm was determined as the cut off between the Diffuse Layer and 
overlying groundwater.   

9.4.2 Column Study Observations 

The column studies by Geomega (January and December 2004) developed data that provide 
important insights into behavior and distribution of DAPL constituents when removed by 
drainage and displaced by Diffuse Layer groundwater.  These observations are germane to the 
monitoring program and interpretation of the data that will be collected over the DAPL/Diffuse 
Layer interface.  They include:  
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• With respect to partitioning within the DAPL saturated soil, sulfate and chloride are 
primarily partitioned to the aqueous phase while iron, calcium, magnesium, and 
aluminum are typically associated with the solid phase.  Other primary constituents, 
including sodium, chromium, and ammonia, are present in both phases. 

• After approximately 1.5 pore volumes of DAPL displacement by Diffuse Layer 
groundwater, precipitation reactions may begin plugging the aquifer materials.   

• After approximately 1.5 pore volumes of flushing, the fluid remaining no longer exhibits 
characteristic DAPL criteria and by this point approximately 80% of DAPL constituents 
have been removed. 

• pH is a recalcitrant parameter that may remain below a value of 5.0 standard units for an 
extended and unknown length of time.   

Data Assessment  

At the conclusion of the Baseline monitoring period, the data from sample ports will be tabulated 
and categorized as DAPL, Diffuse Layer groundwater, and overlying groundwater based on 
specific conductance data.   

As data is collected during the test, time series plots of specific conductance, sulfate, chloride, 
ferrous and total iron, and pH will be maintained for samples from each port of the multilevel 
piezometers, including the baseline data.  This will allow recognition of time-dependent 
concentration changes or patterns within the multilevel piezometers by visual comparison.   

The technical objective of the DAPL removal is to pump DAPL at a rate that maintains no or 
minimal drawdown of DAPL at the extraction well and does not disturb the DAPL/Diffuse Layer 
interface.  If this objective can be achieved, then the vertical decline in elevation of the 
DAPL/Diffuse Layer interface should be approximately uniform across the DAPL pool.  Induction 
logging measurements at two points (GW-42D and GW-43DR) at distances removed from the 
extraction well will be evaluated for vertical changes in the conductivity profiles.  The basis for 
selecting these wells is as follows:  1) GW-43DR is at the edge of the DAPL pool and primarily 
observes Diffuse Layer /overlying groundwater interface, and 2) GW-42D allows observation of 
both Diffuse Layer/DAPL and Diffuse Layer/ overlying groundwater interfaces.   

A logic diagram for modifying pumping rates is presented as Figure 4 to illustrate the decision 
logic that will be applied during the test. The logic diagram essentially has two components:1) 
Determining if the drawdown interface is stable and 2) evaluating the magnitude and rate of 
concentration changes at the DAPL/Diffuse Layer interface and overlying groundwater. 

Two tools will be employed to evaluate the interface stability over time: induction logging and 
multilevel piezometer sampling.  The induction logging profiles will be compared between wells 
(IL-1 and IL-2) and with time to identify vertical shifts or declines in fluid specific conductance.  
These data will be compared to physical/chemical data collected from corresponding elevations 
in the multilevel piezometers.   It should be noted that a reduction in the elevation of the DAPL 
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/Diffuse Layer interface could possibly be masked geochemically by stranding of residual DAPL 
in the Diffuse Layer.  Since this work is a pilot study that will be evaluated in a feasibility study, it 
is strongly recommended that the pumping steps be maintained for the durations specified in 
Table 4 through 7.  As pumping progresses any decision to modify the pumping step duration 
will be made based on data.  

As decisions are made to increase the pumping rate, there are two potential conditions of 
concern that are indicated in the logic diagram.  One condition is excessive drawdown of the 
DAPL / Diffuse Layer interface around the point of extraction, EW-1, whereby Diffuse Layer 
becomes entrained in the DAPL.  This condition should be apparent by comparing water level, 
chemical and induction logging data at corresponding elevations at ML-1, ML-2, ILW-1 and ILW-
2.  It is expected that as the pumping rate is increased a measurable drawdown cone of 
depression will develop.  While some amount of drawdown may be inevitable and acceptable 
during the pilot test, Diffuse Layer should not be allowed to drawdown into DAPL toward the well 
screen in EW-1.  The pumping rate should be immediately reduced if the relative elevation of 
the DAPL / Diffuse Layer interface in ML-2 and ML-1 changes vertically by one measurement 
port during the pilot test.  The geochemistry of corresponding ports in ML-2 and ML-1 will be 
compared for consistent geochemical changes during progress of an individual pumping step 
(especially the ports that straddle the DAPL / Diffuse Layer).  If the corresponding ports in ML-2 
(located closest to the EW-1), show more rapid chemical changes than ML-1 (ports 5 and 4 for 
example in Figure 3) this would suggest drawdown of the DAPL interface closer to the 
extraction well. Column studies showed sulfate removals nearly twice that of chloride at 
equivalent pore volume indicating that sulfate appears to be a more sensitive indicator of 
changes in DAPL composition during displacement by Diffuse Layer.  Therefore evaluation of 
compositional changes at the DAPL/Diffuse layer interface will also include sulfate/chloride 
ratios.   

The second condition of concern is convective mixing above the DAPL layer.  This could result 
from excessive drawdown of the DAPL/Diffuse Layer interface such that the interface is 
disturbed and causes inadvertent mixing of DAPL and Diffuse Layer.  This will be evaluated by 
monitoring constituent concentrations in the Diffuse Layer and overlying groundwater.  If 
constituent concentrations in the Diffuse Layer and overlying groundwater increase during 
pumping, then we will consider that evidence of convective mixing.  This would require that 
pumping rate be immediately reduced or pumping stopped until DAPL/Diffuse Layer interface 
stabilizes once again. 

Dissolved and total iron trends, as well as ferrous and ferric iron ratios, in combination with pH 
and ORP are potentially important indicators for precipitation reactions in the aquifer. Hydraulic 
fouling of the aquifer may be difficult to measure unless obvious signs such as fouling of sample 
ports, water discoloration, or fouling of the extraction well screen occur.  If obvious signs of 
fouling occur, the pumping rate should be reduced and subsequent effects of that change in 
pumping rate evaluated over time. Fouling may occur as a normal condition as Diffuse Layer 
gradually displaces DAPL vertically or it may occur as a consequence of convective mixing. 
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10.0 REPORTING SCHEDULE 

Operating conditions will be reported semiannually as part of the semiannual status report for 
the Site.  A brief status letter will be provided monthly. 
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Table 1 
Checklist for DAPL Transfer 

 
Olin Wilmington Chemical Superfund Site 

Operations, Maintenance, & Performance Monitoring Plan - DAPL Extraction Pilot Test 
 
 

1. Make sure truck driver has properly chocked truck wheels.   
2. Place “Are all valves and hoses secure?” sign in front of truck.   
3. Confirm with driver that he/she is aware of the volume to be 

transferred and that the tank truck does not contain incompatible 
residues. 

  

4. After driver connects transfer hoses, place drip pans under 
suction valve at truck and discharge valve at storage tank.  

  

5. Confirm with driver that hose connections are secure.   
6. Make sure that vacuum breaker valve on storage tank is closed.   
7. Coordinate transfer with driver.   
8. When transfer is complete:  
 a) Close discharge valve at storage tank   
 b) Open vacuum breaker valve   
 c) Air purge hoses and discharge pipe   
9. Allow driver to disconnect and stow hoses.  Use drip pans to 

catch any DAPL remaining in transfer hoses. 
  

10. Complete manifests / Bills of Lading.   
11. Check vehicle for proper placarding.   
12. Instruct driver to examine the lowermost drain and all outlets of 

vehicle for leakage, and if necessary tighten or adjust drain 
outlets to prevent liquid leakage while in transit.  Confirm with 
driver that “All valves and hoses are secure”.  

  

13. Remove sign from in front of truck.   
14. Make sure that discharge valve and vacuum breaker valve on 

storage tank are closed and that discharge valve is locked.   
  

 



Table 2
2010 Monitoring Data From MP-2

Olin Wilmington Chemical Superfund Site
Operations, Maintenance, Performance Monitoring Plan - DAPL Extraction Pilot Test

Location Port
Depth
(feet)

Elevation
(feet)

Date
Sample

Chloride
(mg/L)

Magnesium
(mg/L)

Ammonia
(mg/L)

Sodium
(mg/L)

Sulfate
(mg/L)

pH
(field - S.U.)

SC
(field - µmhos/cm)

MP-2 17 5.5 78.64 7/19/10 5.95 507
MP-2 16 8 76.14 7/19/10 5.8 472
MP-2 15 10.5 73.64 7/19/10 120 1.5 2.8 75 10 5.72 482
MP-2 14 12 72.14 7/19/10 5.78 403
MP-2 13 13.5 70.64 7/19/10 5.66 375
MP-2 12 15 69.14 7/19/10 5.36 718
MP-2 11 17.5 66.64 7/19/10 370 13 250 310 1,300 4.96 3,447
MP-2 10 20 64.14 7/19/10 530 23 350 480 2,200 4.31 4,932
MP-2 9 22.5 61.64 7/19/10 400 14 290 350 1,600 4.07 4,041
MP-2 9 (dup) 22.5 61.64 7/19/10 390 14 290 360 1,500
MP-2 8 24 60.14 7/19/10 4.08 3,721
MP-2 7 25.5 58.64 7/19/10 4.12 3,860
MP-2 6 27 57.14 7/19/10 730 34 560 700 3,500 4.03 7,250
MP-2 4 30 54.14 7/19/10 2,500 310 3,100 4,700 18,000 3.69 33,600
MP-2 3 32.5 51.64 7/19/10 3.55 57,720
MP-2 2 35 49.14 7/19/10 3.31 76,900
MP-2 1 37.5 46.64 7/19/10 13,000 1,300 600 20,000 71,000 3.39 84,360

   Overlying Groundwater, SC < 3,000 umhos/cm
   Diffuse Layer, SC >3,000 < 20,600 umhos/cm
   DAPL, SC > 20,600 umhos/cm

mg/l = milligrams per liter
µmhos/cm = micro-ohms per centimeter

P:\Projects\olinwilm\Olin Wilmington CSS 2012\4.0_Deliverables\4.2_Work_Plans\OM&M Manual\Final\Tables\Table 2 - 2010 MP2 Data.xlsx

Page 1 of 1
Prepared by/Date:LJ  06/06/2012

Checked by/Date: PHT 06/06/2012



Table 3
Monitoring Schedule - Baseline Period

Olin Wilmington Chemical Superfund Site
Operations, Maintenance, Performance Monitoring Plan - DAPL Extraction Pilot Test

Week 1 2

ILW-1 X X
ILW-2 X X
GW-43D X X
GW-42D X X

EW-1 2

ML-1 X X
ML-2 X X
MP-2 X X

EW-1
ML-1 X X
ML-2 X X
MP-2 X X
GW-43DR X X
GW-42D X X

Notes:

EW = Extraction Well
GW = Groundwater
ILW = Induction Logging Well
ML = Multilevel Piezometer Adjacent to Extraction Well

 MP = Existing Multilevel Piezometer 

1. Groundwater analysis includes ferrous and total iron, sulfate by Hach test 
kits, chloride and ammonia by Ion Selective Electrode, the parameters: pH, 
specific conductance, ORP, temperature,and turbidity will be collected with a 
water quality meter. Color will be described based on judgement

3. Water levels in multilevel piezometers will be collected in the 3/8-inch ID 
ports

Water Levels 3

Baseline Monitoring Period

Induction Logging

Groundwater Sampling 1

2. Samples to be collected from effluent of extraction well will be monitored for 
pH, specific conductance, ORP, temperature, turbidity, and color.

P:\Projects\olinwilm\Olin Wilmington CSS 2012\4.0_Deliverables\4.2_Work_Plans\OM&M Manual\Final\Tables\Table 3 - Baseline Monitoring Period.xls
Page 1 of 1

Prepared by/Date:TDL  06/06/2012
Checked by/Date: PHT 06/06/2012



Table 4
Monitoring Schedule - Pumping Step 1

Olin Wilmington Chemical Superfund Site
Operations, Maintenance, Performance Monitoring Plan - DAPL Extraction Pilot Test

Phase
Week 3 4 5 6 7 8 9 10 11 12 13
Day M T W T F S S M T W T F S S

ILW-1 X X X X X X X X X X X
ILW-2 X X X X X X X X X X X
GW-43DR X X X X X
GW-42D X X X X X

EW-1 2 X X X X X X X X X X X X X X X X
ML-1 X X X X X X X X X X X
ML-2 X X X X X X X X X X X
MP-2 X X X X

EW-1 X X X X X X X X X X X
ML-1 X X X X X X X X X X X
ML-2 X X X X X X X X X X X
MP-2 X X X X X
GW-43D X X X X X
GW-42D X X X X X
Notes:

EW = Extraction Well
GW = Groundwater
ILW = Induction Logging Well
ML = Multilevel Piezometer Adjacent to Extraction Well

 MP = Existing Multilevel Piezometer 

y , y , y ,
parameters: pH, specific conductance, ORP, temperature,and turbidity will be collected with a water quality meter. Color will be described based 
on judgement

3. Water levels in multilevel piezometers will be collected in the 3/8-inch ID ports

Water Levels 3

DAPL Recovery Phase - Pumping Step 1
1 2

Induction Logging

Groundwater Sampling 1

2. Samples to be collected from effluent of extraction well will be monitored for pH, specific conductance, ORP, temperature, turbidity, and color

P:\Projects\olinwilm\Olin Wilmington CSS 2012\4.0_Deliverables\4.2_Work_Plans\OM&M Manual\Final\Tables\Table 4 - Pumping Step 1.xls
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Table 5
Monitoring Schedule - PumpingStep 2

Olin Wilmington Chemical Superfund Site
Operations, Maintenance, Performance Monitoring Plan - DAPL Extraction Pilot Test

Week 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Day M T W T F S S M T W T F S S M M M M M M M

ILW-1 X X X X X X X X X X X X
ILW-2 X X X X X X X X X X X X
GW-43D X X X X X
GW-42D X X X X X

EW-12 X X X X X X X X X X X X X X X X X X X X
ML-1 X X X X X X X X X X X X
ML-2 X X X X X X X X X X X X
MP-2 X X X X X

EW-1 X X X X X X X X X X X X
ML-1 X X X X X X X X X X X X
ML-2 X X X X X X X X X X X X
MP-2 X X X X X X X X X
GW-43D X X X X X
GW-42D X X X X X

Notes:

EW = Extraction Well
GW = Groundwater
ILW = Induction Logging Well
ML = Multilevel Piezometer Adjacent to Extraction Well

 MP = Existing Multilevel Piezometer 

Water Levels 3

1. Groundwater analysis includes ferrous and total iron, sulfate by Hach test kits, chloride and ammonia by Ion Selective Electrode, the parameters: pH, specific 
conductance, ORP, temperature,and turbidity will be collected with a water quality meter. Color will be described based on judgement
2. Samples to be collected from effluent of extraction well will be monitored for pH, specific conductance, ORP, temperature, turbidity, and color
3. Water levels in multilevel piezometers will be collected in the 3/8-inch ID ports

DAPL Recovery Phase - Pumping Step 2
1 2

Induction Logging

Groundwater Sampling 1

P:\Projects\olinwilm\Olin Wilmington CSS 2012\4.0_Deliverables\4.2_Work_Plans\OM&M Manual\Final\Tables\Table 5 - Pumping Step 2.xls
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Table 6
Monitoring Schedule - Pumping Step 3

Olin Wilmington Chemical Superfund Site
Operations, Maintenance, Performance Monitoring Plan - DAPL Extraction Pilot Test

Week 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Day M T W T F S S M T W T F S S

ILW-1 X X X X X X X X X X X X X X
ILW-2 X X X X X X X X X X X X X X
GW-43DR X X X X X X X X X X X
GW-42D X X X X X X X X X X X

EW-1 2 X X X X X X X X X X X X X X X X X X X X X X X X X X
ML-1 X X X X X X X X X X X X X X
ML-2 X X X X X X X X X X X X X X
MP-2 X X X X X X

EW-1 X X X X X X X X X X X X X X
ML-1 X X X X X X X X X X X X X X
ML-2 X X X X X X X X X X X X X X
MP-2 X X X X X X X X X X X
GW-43DR X X X X X X
GW-42D X X X X X X

Notes:

2. Samples to be collected from effluent of extraction well will be monitored for pH, specific conductance, ORP, temperature, turbidity, and color
3. Water levels in multilevel piezometers will be collected in the 3/8-inch ID ports
EW = Extraction Well
GW = Groundwater
ILW = Induction Logging Well
ML = Multilevel Piezometer Adjacent to Extraction Well

 MP = Existing Multilevel Piezometer 

1. Groundwater analysis includes ferrous and total iron, sulfate by Hach test kits, chloride and ammonia by Ion Selective Electrode, the parameters: pH, specific conductance, ORP, temperature,and turbidity 
will be collected with a water quality meter. Color will be described based on judgement

Water Levels 3

DAPL Recovery Phase - Pumping Step 3
1 2

Induction Logging

Groundwater Sampling 1

P:\Projects\olinwilm\Olin Wilmington CSS 2012\4.0_Deliverables\4.2_Work_Plans\OM&M Manual\Final\Tables\Table 6 - Pumping Step 3.xls
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Table 7
Monitoring Schedule - Extended Pumping Period

Olin Wilmington Chemical Superfund Site
Operations, Maintenance, Performance Monitoring Plan - DAPL Extraction Pilot Test

Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

ILW-1 X X X X X X X X X X X
ILW-2 X X X X X X X X X X X
ILW-3 X X X X X X X X X X X
GW-43DR X X X X X X X X X X X
GW-42D X X X X X X X X X X X

EW-1 2 X X X X X X X X X X X X X X X X X X X X X X X X X X
ML-1 X X X X X X X X X X X
ML-2 X X X X X X X X X X X
MP-2 X X X X X X

EW-1 2 X X X X X X X X X X X
ML-1 X X X X X X X X X X X
ML-2 X X X X X X X X X X X
MP-2 X X X X X X X X X X X
GW-43DR X X X X X X
GW-42D X X X X X X

Notes:

2. Samples to be collected from effluent of extraction well will be monitored for pH, specific conductance, ORP, temperature, turbidity, and color
3. Water levels in multilevel piezometers will be collected in the 3/8-inch ID ports
EW = Extraction Well
GW = Groundwater
ILW = Induction Logging Well
ML = Multilevel Piezometer Adjacent to Extraction Well

 MP = Existing Multilevel Piezometer 

DAPL Recovery Phase - Extended Pumping Period

Induction Logging

Groundwater Sampling 1

Water Levels 3

1. Groundwater analysis includes ferrous and total iron, sulfate by Hach test kits, chloride and ammonia by Ion Selective Electrode, the parameters: pH, specific 
conductance, ORP, temperature,and turbidity will be collected with a water quality meter. Color will be described based on judgement

P:\Projects\olinwilm\Olin Wilmington CSS 2012\4.0_Deliverables\4.2_Work_Plans\OM&M Manual\Final\Tables\Table 7 - Extended Pumping Period.xls
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Table 8
Analytical Program Summary

Olin Wilmington Chemical Superfund Site
Operations, Maintenance, Performance Monitoring Plan - DAPL Extraction Pilot Test

Analyte Medium HACH Method Sample 
Bottle **

Sulfate GW 3 8500 SulfaVer® 4, Method 8051 - DR 2800 
Spectrophotometer        2 70

Ammonia - N GW 0.08 380 * 0.1 17,000
Chloride GW 6.1 15000 * 1.8 35,500

Sulfate DAPL/
Diffuse 440 830000

Tubidimetric Method 10227 TNT           
plus 864  plus 865
DR 2800 Spectrophotometer

40         150 150              900

Ferrous Iron DAPL/
Diffuse

7.1 3100 1, 10-Phenanthrolein Method 8146 -  
DR 2800 Spectrophotometer    0.02 3

Total Iron DAPL/
Diffuse

600 3600
FerroVer®, Method 8008 - DR 2800 
Spectrophotometer 0.02 3

Chloride DAPL/
Diffuse 590 130000 * 1.8 35,500

Analyte Medium EPA Method Detection 
Limit

Preservation 
Method

Sample 
Bottle

Chloride All 6.1 130000 300 1 mg/L  4 degrees C 

Ammonia - N GW 0.08 380 Lachat (EPA 350.1) 73 ug/L  H2SO4, 4 
degrees C 

Sulfate All 3 830000 300 2 mg/L  4 degrees C 
Iron All 0.048 3600 6010B 100 ug/L  HNO3 

Calcium (T) All - 640 6010B 400 ug/L  HNO3 
Sodium (T) All - 22000 6010B 2000 ug/L  HNO3 

Chromium (T) All - 3500 6010B 5 ug/L  HNO3 

*  Ion Selective Electrode (ISE) combination probe and meter.
**  all on-site methods can be run from one 500 ml sample

HNO3 = Nitric Acid
mg/l = milligrams per liter
ml = milliliters
ug/l = micrograms per liter

ON-SITE ANALYTICAL METHODS

OFF-SITE ANALYTICAL METHODS

500 ml

Expected Concentration 
Range (mg/L)

 Notes: 

125/ 250 ml

250 ml

500 ml

Expected Concentration 
Range (mg/L)

Detection Range (mg/L)
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LOCATION ID: EW-1

Project Name: Olin Chemical Superfund Site Date Started: 12/5/2011 Date Completed: 12/6/2011

Project Location: Wilmington, MA Logged By: T. Longley

Project Number: 6107110016 Task Number Checked By: Checked Date:

Subcontractor: Boart Longyear Drilling Method: Sonic

Development Method: Development Date:

Bucking Posts/Ballards: None

Notes: Protective Casing is a Flush-to-Ground, temporary 8" x 1' Steel Casing Measuring Point (MP) Type:

Well is completed as a Flush-to-Ground completion - will be incorporated into a MP Elevation (ft):

surface vault in the future; the top 15' of casing is steel; the remainder is SCH 40 PVC

Lock Identification NA

Riser Pipe (Top) Stickup Casing Type: Flush-to-Ground; steel

Ground Surface 0 Stickup Casing Diameter: 8"

Surface Seal Type: concrete

Backfill/Grout Type: cement/bentonite grout

Riser Pipe Type:

Riser Pipe ID: 6"

Borehole Diameter: 10"
Top of Well Seal 29.8

Type of Seal: Cetco, coated bent. tablets
Top of Sand Pack 37.25

Top of Screen 40.9
Screen Type: Sch 40 PVC

Screen ID: 6"

Screen Slot Size: 0.010"

Screen Length: approx. 5 feet

Filter/Sand Pack
Type: Filpro WG #00

Base of Screen 45.32
45.5-Bedrock

End Cap 48.2 Sump:

Drilled Depth 48.2 Fallback/Backfill: cave and sand

Bottom of Exploration 48.2

Bedrock Surface 45.5 NOT TO SCALE

511 Congress Street, Portland Maine 04101

Sch 40 PVC; top 15' (from 
~16.2) is steel

Stickup NA

WELL CONSTRUCTION DIAGRAM

Depth BMP (ft) Elevation (ft) Description

Measuring Point Information

Ground Surface (GS)

Item

2



LOCATION ID: ILW-1

Project Name: Olin Chemical Superfund Site Date Started: 5/24/2011Date Completed: 5/25/2011

Project Location: Wilmington, MA Logged By: T. Longley

Project Number: 6107110016 Task Number Checked By: Checked Date:

Subcontractor: Boart Longyear Drilling Method: Sonic

Development Method: Not Applicable Development Date:

Bucking Posts/Ballards: None

Notes: Well is a Flush-to-Ground completion, no screen; solid 2"-ID PVC filled with Measuring Point (MP) Type:

di-ionized water to ground surface MP Elevation (ft):

Lock Identification N/A

Riser Pipe (Top) Stickup Casing Type: Flush-to-Ground Steel

Ground Surface 0 Stickup Casing Diameter: Flush-to-Ground 6"

Surface Seal Type: Concrete

Backfill/Grout Type: N/A

Riser Pipe Type:

Riser Pipe ID: 2"

Borehole Diameter: 6"
Top of Well Seal N/A

Type of Seal: N/A
Top of Sand Pack 4.8

Top of Screen N/A
Screen Type: N/A

Screen ID: N/A

Screen Slot Size: N/A
N/A

Screen Length: N/A

Filter/Sand Pack
Type: Filpro, #00 Sand: 46' to 4.8'

Base of Screen N/A

End Cap 45 Sump:
Bedrock 45'

Drilled Depth 49.5 Fallback/Backfill: Bentonite 46' to 49.5'

Bottom of Exploration 49.5

Bedrock Surface 45 NOT TO SCALE

511 Congress Street, Portland Maine 04101

Description

Stickup NA

Measuring Point Information

Ground Surface (GS)

WELL CONSTRUCTION DIAGRAM

2

N/A

Item Depth BMP (ft) Elevation (ft)



LOCATION ID: ILW-2

Project Name: Olin Chemical Superfund Site Date Started: 5/25/2011 Date Completed: 5/25/2011

Project Location: Wilmington, MA Logged By: T. Longley

Project Number: 6107110016 Task Number Checked By: Checked Date:

Subcontractor: Boart Longyear Drilling Method: Sonic

Development Method: Not Applicable Development Date:

Bucking Posts/Ballards: None

Notes: Well is a Flush-to-Ground completion, no screen; solid 2"-ID PVC filled with Measuring Point (MP) Type:

di-ionized water to ground surface MP Elevation (ft):

Fractured rock 39' to 43.5'

Lock Identification N/A

Riser Pipe (Top) Stickup Casing Type: Flush-to-Ground Steel

Ground Surface 0 Stickup Casing Diameter: Flush-to-Ground 6"

Surface Seal Type: Concrete

Backfill/Grout Type: N/A

Riser Pipe Type:

Riser Pipe ID: 2"

Borehole Diameter: 6"
Top of Well Seal N/A

Type of Seal: N/A
Top of Sand Pack 3.5

Top of Screen N/A
Screen Type: N/A

Screen ID: N/A

Screen Slot Size: N/A
N/A

Screen Length: N/A

Filter/Sand Pack
Type: Filpro, #00 Sand: 42'-3.5'

Base of Screen N/A Bedrock 39'

End Cap 41 Sump:

Drilled Depth 45 Fallback/Backfill: Bentonite 43.5' to 42'
Cave 45' to 43.5'

Bottom of Exploration 45

Bedrock Surface 39 NOT TO SCALE

511 Congress Street, Portland Maine 04101

WELL CONSTRUCTION DIAGRAM

2

N/A

Item Depth BMP (ft) Elevation (ft)

Stickup NA

Measuring Point Information

Ground Surface (GS)

Description



LOCATION ID: ML-1

Project Name: Olin Chemical Superfund Site Date Started: 12/6/2011 Date Completed: 12/8/2011

Project Location: Wilmington, MA Logged By: T. Longley

Project Number: 6107110016 Task Number Checked By: Checked Date:

Subcontractor: Boart Longyear Drilling Method:

Development Method: Not Applicable Development Date:

Bucking Posts/Ballards: None

Notes: Well is a Flush-to-Ground completion Measuring Point (MP) Type:

Surface completion includes a manifold for the tubing from each zone; well is MP Elevation (ft):

a 2-inch dia. Solinst Multi-level Piezometer; sandpack around zones is 000 sand

Lock 

Surface Seal Type: Concrete
Ground Surface 0

1  Casing Type: Flush-to-Ground Steel
2

3  Casing Diameter: Flush-to-Ground 6"
4

5

6

Approximate 7

Water 8

Table 9

10

11 Bentonite Backfill
12

13

14

15 2-inch PVC Casing
16

17

18

19

20

21
22
23 Port 12: 3/8 inch tubing

24
Overlying 25 Port 11: 1/4 inch tubing

Zone 26 Port 10: 1/4 inch tubing

27
28 Port 9: 3/8 inch tubing

29 Port 8: 1/4 inch tubing

Diffuse 30
Zone 31 Port 7: 1/4 inch tubing

32 Port 6: 1/4 inch tubing

33

34 Port 5: 1/4 inch tubing

DAPL 35 Port 4: 3/8 inch tubing

Zone 36

37 Port 3: 1/4 inch tubing

38 Port 2: 1/4 inch tubing

39

40 Port 1: 1/4 inch tubing

NOT TO SCALE

511 Congress Street, Portland Maine 04101

51

49

47

Sonic

58
57
56
55

53

63
62
61
60
59

70

69

66

64

76

75

74

73

72

80

79

78

77

67

WELL CONSTRUCTION DIAGRAM

2

N/A

Item Depth BMP (ft) Elevation (ft)

Measuring Point Information

Ground Surface (GS)

52

50

48

86

84

71

68

65

54

Description

88

85

83

82

81

Each port, or zone, 
consists of a stainless 
steel screened section.  
At and around each zone, 
sand extends above and 
below the screens, for a 
total sand layer 
approaching one foot in 
thickness; alternating 
with these screened sand 
sections are bentonite 
seals to isolate each zone  
 



LOCATION ID: ML-2

Project Name: Olin Chemical Superfund Site Date Started: 12/8/2011 Date Completed: 12/9/2011

Project Location: Wilmington, MA Logged By: T. Longley

Project Number: 6107110016 Task Number Checked By: Checked Date:

Subcontractor: Boart Longyear Drilling Method:

Development Method: Not Applicable Development Date:

Bucking Posts/Ballards: None

Notes: Well is a Flush-to-Ground completion Measuring Point (MP) Type:

Surface completion includes a manifold for the tubing from each zone; well is MP Elevation (ft):

a 2-inch dia. Solinst Multi-Level Piezometer; sandpack around zones is 000 sand

Lock 

Surface Seal Type: Concrete
Ground Surface 0

1  Casing Type: Flush-to-Ground Steel
2

3  Casing Diameter: Flush-to-Ground 6"
4

5

6

Approximate 7

Water 8

Table 9

10

11 Bentonite Backfill
12

13

14

15 2-inch PVC Casing
16

17

18

19

20

21
22
23 Port 12: 3/8 inch tubing

24
Overlying 25 Port 11: 1/4 inch tubing

Zone 26 Port 10: 1/4 inch tubing

27
28 Port 9: 3/8 inch tubing

29 Port 8: 1/4 inch tubing

Diffuse 30
Zone 31 Port 7: 1/4 inch tubing

32 Port 6: 1/4 inch tubing

33

34 Port 5: 1/4 inch tubing

DAPL 35 Port 4: 3/8 inch tubing

Zone 36

37 Port 3: 1/4 inch tubing

38 Port 2: 1/4 inch tubing

39

40 Port 1: 1/4 inch tubing

NOT TO SCALE

511 Congress Street, Portland Maine 04101

47

53

52

51

50

49

48

54

65
64
63
62
61
60
59
58
57
56
55

66

77

76

75

74

73

72

71

70

69

68

67

78

88

86

85

84

83

82

81

80

79

Ground Surface (GS)

~88' MSL

Item Depth BMP (ft) Elevation (ft) Description

WELL CONSTRUCTION DIAGRAM

2

Sonic

N/A Measuring Point Information

Each port, or zone,  
consists of a stainless steel  
screened section.  At and 
around each zone, sand 
extends above and below 
the screens, for a total 
sand layer approaching 
one foot in thickness; 
alternating with these 
screened sand sections are 
bentonite seals to isolate 
each zone 
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SOP No. S-1 

AMEC E&I STANDARD OPERATING PROCEDURE 
 

GENERAL PROCEDURE FOR INDUCTION LOGGING IN 
WELLS 



AMEC E&I Standard Operating Procedure 
General Procedure for Induction Logging in Wells 
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1.0 SCOPE AND APPLICABILITY  

This Standard Operating Procedure (SOP) describes the use of induction logging in monitoring 
wells. Induction logging may be used to determine spatial and temporal changes in electrical 
conductivity in the subsurface due to dissolved contaminants in groundwater. This SOP is 
intended to compliment (not replace) information, procedures and guidelines as supplied by the 
logging equipment vendor and/or manufacturer and associated equipment-specific procedures. 

2.0 EQUIPMENT 

The following equipment and supplies are recommended prior to initiating field activities: 

2.1 MEASUREMENT SPECIFIC SUPPLIES 

• Induction log probe (Geonics EM 39, or equivalent) 

• Wire line winch system compatible with the log probe 

• Tripod and pulley apparatus 

• Field-capable computer or data logger with the required software for the logging system 

• 12V battery (fully charged) 

• 12V to AC inverter 

• Keys and necessary tools to open wells 

• Duct tape 

• Water level meter 

2.2 FIELD DATA AND RECORD KEEPING SPECIFIC SUPPLIES 

• Field notebook and pen with indelible ink 

• Well construction details for the well(s) to be logged (total depth, etc.) 

2.3 DECONTAMINATION SUPPLIES 

• Deionized (DI) water 

• AlconoxTM detergent, or equivalent 

• Paper towels 

2.4 HEALTH AND SAFETY EQUIPMENT 

• As required per site Health and Safety plan 
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3.0  PREPARATION 

The induction logging probe has been factory calibrated and does not require calibration prior to 
each field deployment.  In the unlikely event calibration is required; calibration may be 
performed by the vendor from which the equipment has been supplied.  Calibration may be 
checked per the manufacturer’s guidelines with the calibration ring provided with the equipment. 
Instrument calibration should be performed only by vendor- or manufacturer-supplied 
procedures and guidelines.  Atmosphere should provide a zero conductivity value as a quick 
operational check.  It is a good general practice to re-log a portion of at least one hole on a daily 
basis (perhaps twenty feet where value changes are noted) for repeatability check.  Checking 
calibration at the beginning and conclusion of each logging event is recommended.   

Verify the charge status of the 12V battery (fully charged).  If the 12V battery in the vehicle is 
being used, the motor should be off.   

Before proceeding to the first well to be logged, set up all equipment to be used in the field (12V 
battery, inverter, wire line console, probe, and computer or data logger) and verify that the 
signal is being received and recorded. 

4.0 PROCEEDURES 

1. Open the well cap and check the wellhead and breathing space atmosphere for worker 
health (as required by the applicable Site Health and Safety Plan). Record the results if 
measurements are collected. Take appropriate respiratory precautions (including leaving 
the area) if conditions warrant. 

2. Measure and record the groundwater water level below the top of casing or other 
established datum. Measure to the nearest 0.01 foot, unless specified otherwise by the 
Site work plan or Data Quality Objectives (DQO). Compare the result to historic values, if 
available, and note any significant deviations. 

3. Verify the total depth (TD) of the well from completion logs or other validated data source. 
The total depth of the well may be measured using the water level probe. 

4. Connect all associated equipment (probe, cable, PC/data logger, inverter, battery) per 
manufacture’s and/or vendor’s guidelines, and before turning power on to the logging unit. 

5. Turn the power on to the logger (Note: NEVER attach probe to cable with power on!). 

6. Lower probe into the well and set the point where the probe and cable attach at the 
surveyed measuring point of the well casing. This is the point at which the depth 
measurements will be “zeroed” and must be set consistently so that previous and 
subsequent logging data can be compared. Use the tripod and pulley system as allowed 
by local site and well construction conditions. 

7. Open the data logging software and follow the on-screen procedures to zero the depth, set 
the desired sampling interval (0.1 ft is recommended), and create a data file with a unique 
file name. Verify that an ASCII-format data file is being created so that data can be 
accessed by appropriate software for post processing. 
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8. Record the time, well or location ID, and data file name in the field log book or field 
recording form. 

9. Activate the winch to lower the probe down the well, adjusting the speed so that the 
system can acquire quality data at a specified sampling rate (10 ft/min. is recommended 
for 0.1 ft sampling interval). Monitor the software display to ensure that data is being 
received and recorded.  

10. Monitor the depth of the probe to ensure that excess cable slack is not generated when 
probe reaches the bottom of the well. 

11. When the probe reaches the bottom of the well, stop the winch and, if desired, close the 
data file. A new data file may be created for recording the data when the probe is raised 
from the well. Alternatively, the file may be kept open and recording as the winch is 
stopped and reversed with the ascending data separated during post-processing.  

12. Closely monitor the depth of the probe as it is being raised to ensure that it is stopped 
before it reaches the top of the well. 

13. When the logging is complete close and save the data file before removing the probe. Also 
verify that the file contains appropriate data before removing the probe from the well. Re-
log the well if needed. 

14. TURN OFF POWER TO PROBE AND DISCONECT POWER SUPPLY BEFORE 
DISASSEMBLING SYSTEM! NEVER REMOVE THE PROBE FROM CABLE WITH THE 
POWER ON! 

15. If necessary, decontaminate the probe with AlconoxTM solution and DI water rinse. The 
cable may be decontaminated by holding a wet rag on the cable as the tool is being 
retrieved, but care must be taken not to interfere with the function of the depth recording 
apparatus on the winch. 

16. Secure the well and record the time in the log book or field data form. Also record any 
pertinent observations made during the logging that may affect data processing and 
interpretation. 

17. At the earliest convenience, backup recorded logging data from the data logger or 
computer onto other media (from data logger to computer, from computer to USB flash 
drive, etc.) to minimize the potential for data loss or corruption prior to data analyses. 
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QUICK-START INSTRUCTIONS 
This manual contains detailed operating instructions for the TFXL instrument.  
The following condensed instructions are provided to assist an experienced 
operator in basic operation of the instrument. If the operator is unfamiliar with 
this type of instrument, refer to the detailed explanations located on pages 10-
32. 
 
A. Select a flow meter mounting location with at least 10 pipe 

diameters upstream and 5 diameters downstream from the 
meter with no flow disturbances (i.e. elbows, tees, needle 
valves, etc.).  See Figure 1. 

B. On horizontal pipe, choose a flow meter mounting location 
within approximately 45-degrees of the side of the pipe. See 
Figure 2.  Locate the flow meter so that the pipe will be 
completely full of liquid when flow is occurring in the pipe. 
Avoid mounting on vertical pipes where the flow is moving in 
a downward direction. 

 

Figure 1 

 

Figure 2 

NO 

NO 

45°

45°

YES YES 

FLOW METER MOUNTING ORIENTATION 
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C. Remove rust, scale and paint from the flow meter mounting 
location. Clean to bare metal. Plastic pipes do not require 
preparation. 

D. Apply a thin, even layer of silicone grease to the two 
transducer faces. Ensure that air bubbles are not present 
over the two brown plastic sound-guides. Place the electronic 
portion of the flow meter onto the prepared area of pipe, 
making sure that the flow direction arrow is pointing in the 
direction of flow. Place the clamp portion opposite the flow 
meter and secure with the enclosed screws.  Only moderate 
torque is required on the screws—DO NOT OVER TIGHTEN 
and DO NOT ROTATE the flow meter on the pipe once the 
screws have been tightened. 

E. Connect 11-30 Vdc to the power terminals within the TFXL 
transmitter.  Ensure that the power supply is capable of 
sourcing a minimum of 0.25 Amps.  Observe polarity. 

F. Connect either the 4-20mA, pulse output or both outputs to 
the data acquisition or monitoring system as required. 

G. Apply power. 

H. If the pipe is full of liquid, a flow rate reading will appear.  If 
the pipe is empty or partially empty, a ERROR 0010 will be 
shown on the display.  The error will clear when flow resumes 
and the pipe fills up with water. 

I. Configuration changes and advanced troubleshooting can be 
accomplished using the UltraLink software utility, a PC 
computer and a PC interface cable. 
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INTRODUCTION AND OPERATING THEORY 
TFXL transit time flow meters measure flow velocity by sending 
pulses of ultrasound energy back and forth between two 
piezoelectric devices. See Figure 3. The piezoelectric components 
are located behind the oval-shaped, dark plastic sound guides that 
are embedded in the flow sensor clamp. If the liquid inside of the 
pipe is moving, the sound will travel faster when it is sent in the 

direction of liquid flow than it will 
when it is sent against the liquid 
flow. The TFXL microprocessor 
generates the pulses and 
measures the elapsed time 
required for the sound to travel 
between the piezoelectric 
devices. Liquid velocity is 
proportional to the difference in 

time between upstream and downstream time measurements. The 
TFXL compensates for gas content in the liquid and will remove 
gaseous content from flow rate and totalizer readings. Outputs from 
the flow meter include 4-20 mA analog, turbine frequency output/
pulse output.  

Display Options 
 
1)  ABS Enclosure-Blind (no display) 
2)  ABS Enclosure-Display (rate & total) 
3)  Polycarbonate Enclosure-Blind 
4)  Polycarbonate Enclosure-Display 

Pipe Size 
 
A)  ½” ANSI Pipe 
B)  ¾” ANSI Pipe 
C)  1” ANSI Pipe 
D)  1¼” ANSI Pipe 
E)  1½” ANSI Pipe 
F)  2” ANSI Pipe 
G)  ½” Copper 
H)  ¾” Copper 
I)  1” Copper 
J)  1¼” Copper 

Connector Options 
 
N)  ½-inch Conduit Hole 
A)  Water-tight Cable Clamp 
C)  4-Pin Connector (male) 
D)  1/2 inch Flexible Conduit Connector 

Output Options 
 
1) 4-20 mA and Rate Pulse 
3) Totalizer Pulse 

    D  T  F  X  L                                      N  N 
Model Number Matrix 

Figure 3 

TFXL 
Sound Path 

Accessories  Part Number 
PC Cable w/Ultralink Software D010-0204-001 
90-240VAC Power Supply D005-2502-005 

K)  1½” Copper Pipe 
L)  2” Copper Pipe 
M)  ½” Tubing 
N)  ¾” Tubing 
P)  1” Tubing 
Q)  1¼” Tubing 
R)  1½” Tubing 
S)  2” Tubing 
X)  Remote Transducer 
     (Not shown in this  
      manual) 
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SPECIFICATIONS/OPERATING CONDITIONS 
For a complete table of specifications, see Series TFXL Data Sheet 

Description Specification 
Input Voltage 11-30 VDC @ 0.25A 

Flow Range Reference 
Sch 40  ½” Pipe 
Sch 40  ¾” Pipe 
Sch 40  1” Pipe 
Sch 40  1¼” Pipe 
Sch 40  1½” Pipe 
Sch 40  2” Pipe 

0.1 to 40 FPS [0.03 to 12.4 MPS] 
0.5 to 25 GPM [20 to 850 BPD] 
1.0 to 55 GPM [40 to 1800 BPD] 
2.0 to 100 GPM [80 to 3400 BPD] 
4.0 to 150 GPM [170 to 5000 BPD] 
5.0 to 220 GPM [170 to 7500 BPD] 
8.0 to 400 GPM [275 to 13500 BPD] 

Accuracy ±1% of rate above 1 FPS [0.3 MPS] 

Environment Indoor use 

Ambient Temperature General Purpose: 0 to +185°F [-20 to +85°C] 
Hazardous Area:  0 to +105°F [-20 to +40°C 

Altitude Up to 2000 meters 

Humidity -20º to 31ºC; 80% max; decreasing linearly to 
50% at 40ºC 

Transient Overvoltag-
es 

According to installation category 1, in accord-
ance with IEC 664 

Pollution Degree 2 in accordance with IEC 664 

Enclosure Material ABS/Polycarbonate 

Approvals General Requirements: ANSI/ISA 82.02.01; 
Hazardous Location: CSA C22.2 No. 213,  
     E79-15-95, ANSI/ISA 12.12.01  
     Class I Div 2, Groups C & D  
     (DTFXL3 & DTFXL4 models only) 

4-20 mA Output 12-bit, sourcing, DC ground referenced 

Pulse Output Turbine Frequency Output/Pulse Output— 
Switch Selectable, non-ground referenced AC/
Ground referenced square wave, 0-1,000 Hz, 
100mVpp minimum/5VDC.  

SYMBOL EXPLANATIONS 
   
Caution—Refer to accompanying documents ! 
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FLOW METER COMPONENTS AND TERMINOLOGY 

The pictures on the following two pages reference key 
components and their respective terminology of the TFXL 
flow meter.  These terms are utilized throughout this 
manual. 
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SOUND GUIDES 

CLAMP 

PC INTERFACE 
CABLE
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FLOW METER INSTALLATION 
 

 
 
 
 
 
 
 
 
 
 
 

 IMPORTANT NOTE: 
Not following instructions properly may impair 
safety of equipment and/or personnel. 

 IMPORTANT NOTE: 
Must be operated by a power supply suitable 
for the location. 

 IMPORTANT NOTE: 
Do not connect or disconnect either power or 
outputs unless the area is known to be non-
hazardous. 

 IMPORTANT NOTE: 
Do not connect the interface cable between a 
TFXL and a personal computer unless the 
area is known to be non-hazardous. 

! 

! 

! 

! 
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A.  FLOW METER LOCATION 
The first step in the installation process is the selection of an 
optimum location for the flow measurement to be made.  For this 
to be done effectively, a basic knowledge of the piping system 
and its plumbing is required. 

An optimum location would be defined as a piping system that is 
completely full of liquid when measurements are being taken and 
has lengths of straight pipe such as those described in Figure 4.  
The optimum straight pipe diameter recommendations apply to 
pipes in both horizontal and vertical orientation. 

NOTE:  If adequate straight plumbing cannot be provided the 
TFXL will operate repeatably, but will most likely not achieve 
ideal accuracy. 

 

Figure 4 
Straight Pipe Recommendations 
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B.  MOUNTING ORIENTATION ON THE PIPE 
If the flow meter is applied to horizontal pipe, choose a mounting 
position within approximately 45-degrees of 3 o’clock or 9 o’clock 
on the pipe, assuming 12 o’clock to be to top of the pipe.  These 
positions provide optimum acoustic penetration into the moving 
liquid.  As illustrated in Figure 5, placement at the top or bottom 
of the pipe can result in poor sound penetration due to air 
pockets (on the top of the pipe) or sediment (at the bottom of the 
pipe). 

It is best to plumb and orient the piping system so that it will be 
completely full of liquid at all times—whether the liquid is flowing 
or not.  Typically, by slightly sloping the pipe in the upward 
direction or orienting the check valve judiciously within the piping 
system this can be accomplished. 

If the flow meter is applied to vertical pipe with flow moving in an 
upward direction, radial orientation does not matter. 

 
 
 
 
 

 

Figure 5 
Mounting  
Orientation on 
Horizontal Pipes 

NO 

NO 

45°

45°

YES YES 

FLOW METER MOUNTING ORIENTATION 
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C.  PIPE PREPARATION 
Before the transducer face can be coupled to a pipe surface, an 
area slightly larger than the flat surface of the transducer must be 
cleaned to bare metal on the pipe.  Remove all scale rust and 
paint.  Thoroughly dry and clean the mounting surface. 

NOTE:  For plastic pipes, such as PVC or PVDF, pipe 
preparation is typically not required. 

 

D.  APPLYING ACCOUSTIC COUPLANT 
To assure an acoustically conductive path between the 
transducer face and the prepared pipe surface, a coupling 
compound is employed.  Enclosed with the TFXL flow meter is a 
tube of silicone based grease.  This grease is adequate for the 
majority of installations.  If an alternate grease is utilized, the 
grease must be specified not to flow at the temperature of the 
pipe surface or the ambient conditions. 

Apply an even layer of grease, approximately 1/16" [1.5 mm] 
thick to the entire inside surface of the transducer.  See Figure 6. 

 

 

 

Figure 6 
Applying  
Acoustic Couplant 

Apply silicone grease 
to both surfaces 
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E.  MOUNTING THE FLOW METER 
Place the flow meter on the prepared area of the pipe, observing 
the flow direction arrow on the side of the flow meter enclosure.  
Place the flow meter clamp on the backside of the pipe and 
secure with the two enclosed screws.  Tighten only enough to 
hold the flow meter in place and to squeeze some of the acoustic 
couplant from the mounting faces.  Over tightening may strip the 
threads and is unnecessary for flow meter operation.  

F.  FIELD WIRING—GENERAL 
The TFXL is equipped with a single conduit hole located in the 
flow meter enclosure that should be suitable for most 
installations.  A sealed cord grip or conduit connection should be 
utilized to retain the NEMA 3 integrity of the flow meter 
enclosure.  Failure to do so will void the manufacturers warranty 
and can lead to product failure. 

For hazardous area installation, see drawing at back of this man-
ual (D091-1054-001).  For non-hazardous location installations, 
flow meter power and output signals can be carried by a single 
cable with multiple conductors.  Select a 20-24 AWG shielded 
cable with an external jacket suitable for the installation environ-
ment and either 2, 4, or 6 conductors—dependent on the elec-
tronic output requirements. 

Wiring methods and practices are to made in accordance with 
the NEC—National Electrical Code® and/or other local 
ordinances that may be in affect. Consult the local electrical 
inspector for information regarding wiring regulations. 

When making connections to the field wiring terminals inside of 
the flow meter, strip back the wire insulation approximately 0.25 

IMPORTANT NOTE:  Do not rotate the TFXL flow meter on the 
pipe once the screws have been tightened, as the acoustic 
grease may be disturbed.  If the grease layer between the sound 
guides and the pipe obtains an air pocket, the flow meter signal 
strength and, hence, operation may be compromised. 
If upon power up the flow meter indicates ERROR 0010 and the 
pipe is full of liquid, reapplication of the acoustic grease will be 
necessary. 
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inches [6 mm].  Stripping back too little may cause the terminals 
to clamp on the insulation and not make good contact.  Stripping 
back too much insulation may lead to a situation where the wires 
could short together between adjacent terminals.  Wires should 
be secured in the Field Wiring Terminals using a screw torque of 
between 0.5 and 0.6 Nm. 

G. FIELD WIRING—POWER 

Power for the TFXL flow meter is obtained from a direct current 
DC power source.  The power source should be capable of 
supplying between 11 and 30 Vdc at a minimum of 0.25 Amps or 
250 milliamps.  With the power from the DC power source 
disabled or disconnected, connect the positive supply wire and 
ground to the appropriate field wiring terminals in the flow meter.  
See Figure 7.  A wiring diagram decal is located on the inner 
cover of the flow meter enclosure. 

If the flow meter is only to be utilized as a flow rate indicator or 
totalizer, no further wiring will be required.  Skip to step J. 

! 
 IMPORTANT NOTE: 

Must be operated by a power supply 
suitable for the location. 

 IMPORTANT NOTE: 
Do not connect or disconnect either power 
or outputs unless the area is known to be 
non-hazardous. 

! 

 
Figure 7 

DC Power Connection 

11-30 VDC  DC Ground 

11 to 30 Vdc 

! 
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H. CONNECTING  THE 4-20 mA OUTPUT 
The TFXL is equipped with a ground-referenced 4-20 mA 
output—the output shares a common ground with the power 
supply.  The output transmits a continuous current output that is 
proportional to liquid flow rate.  The output was scaled at the 
Dynasonics factory and the scaling information is recorded on 
the label located on the side of the TFXL enclosure.  To ensure 
that the instrument or data acquisition system that is receiving 
the 4-20 mA signal responds properly, it must be spanned 
identically to the TFXL. 

The 4-20 mA output is designed to source current across a loop 
resistance that is typically located within a data acquisition 
system or other receiving instrument.  The maximum resistance 
that the TFXL can accommodate is directly related to the DC 
power source that is powering the flow meter and the 4-20 mA 
loop. Chart 1 illustrates the range of load resistance that can be 
used with a given power supply voltage.  Ensure that the loop 
load resistance is within the shaded region of the graph, or non-
linearity and transmitting errors will occur. 

 

TFXL Loop Resistance
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Chart 1 
4-20 mA Loop Load 
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The 4-20 mA output is polarized and since the output shares the 
DC common with the power supply, reversing the connections 
can cause a short circuit in the DC power circuit.  Figure 8 
shows a block diagram of how the 4-20 mA interfaces with the 
receiving device. 

 

 

 

 

 

 

 

 

 

Connect the wires to the appropriate Field Wiring Terminals 
within the TFXL enclosure.  See Figure 9. 

 

 

 TFXL Flow Meter Receiving Device 

Meter Power 11 to 30 Vdc 

Power Supply 
Ground 

Loop Resistance 

4-20 mA 
4-20 mA Output 

4-20 mA Ground 

Figure 8 
4-20 mA Block 

Diagram 

4-20 mA Ground 

4-20 mA Output 

Figure 9 
4-20 mA Connections 



18 

 

 

I. CONNECTING THE PULSE OUTPUT 
The TFXL is equipped with a circuit that outputs a pulse 
waveform that varies proportionally with flow rate.  The 
quantity of pulses per unit volume of liquid is described by the 
K-factor that is recorded on the side of the flow meter 
enclosure.  To ensure that accurate readings are being 
recorded by the receiving instrument, the TFXL and the 
receiving instrument must have identical K-factor values 
programmed into them. 

Two pulse output options are available with the TFXL:  

 Turbine meter simulation—This option is utilized when a 
receiving instrument is capable of interfacing directly with a 
turbine flow meter’s magnetic pickup. The output is a 
relatively low voltage AC signal that is not ground 
referenced.  The minimum AC amplitude is approximately 
500 mV peak-to-peak.  The TFXL is configured for turbine 
simulation if the third character after the first dash number 
in the model number is a “1”.  Dip switch SW1 must be in 
the off or open position. 

 TTL pulse frequency—This option is utilized when a 
receiving instrument requires that the pulse voltage level 
be either of a higher potential and/or referenced to DC 
ground.  The output is a square-wave with a peak-to-peak 
voltage swing of 5 volts. The TFXL is configured for TTL 
pulse frequency if the third character after the first dash 
number in the model number is a “2”.  Dip switch SW1 
must be in the on or closed position. 
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Turbine Meter Simulation Output Connection 
Connection of the turbine meter simulation output is simply a 
matter of connecting the two Field Wiring Terminals to the 
turbine meter input terminals on the receiving instrument and 
verifying that the K-factor listed on the side of the TFXL 
enclosure is programmed into the receiving instrument.  This 
output is not referenced to DC ground and is not polarized, so 
wiring polarity is not important.  See Figure 10. 
 

TURBINE SIMULATION Turbine Output 

Turbine Output 

Figure 10 
Turbine Meter 

Simulation Connections 
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TTL Pulse Frequency Connection 
Connection of the TTL pulse frequency output is a matter of 
connecting the two Field Wiring Terminals to the frequency 
input terminals on the receiving instrument and verifying that 
the K-factor listed on the side of the TFXL enclosure is 
programmed into the receiving instrument.  This output  is 
referenced to DC ground and is polarized.  Connect the TTL 
Pulse plus (+) field terminal in the flow meter to the frequency 
input on the receiving instrument.  Connect the TTL Pulse 
negative (-) field terminal to the frequency input negative or DC 
common connection in the receiving instrument.  See Figure 11. 
 

 

 

 

J. APPLYING POWER TO THE TFXL 
The TFXL flow meter requires a full pipe of liquid before a 
successful startup can be completed.  Do not attempt to make 
adjustments or change configurations until a full pipe is verified. 
 
1. Verify that all wiring is properly connected and routed as 

described in Steps A though I of this manual. 

2. Verify that the flow sensor is properly mounted and that the 
acoustic grease is intact between the transducer faces and 
the pipe. 

3. Apply power.  The display of the TFXL2 (with a display) will 
display a display test where all segments will illuminate in 

TTL Output (+) 

TTL Output (-) 

Figure 11 
TTL Pulse Output 

Connections 
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succession and then the software version will be displayed.  
The meter will then enter RUN Mode.  If the flow meter is a 
TFXL1 (without a display) verify that one of the red LEDs 
on the main printed circuit board is illuminated continuously 
and that the other one begins to blink. 

4. Upon entering RUN Mode, the TFXL2 will provide one of 
the following responses: 

 The display may indicate ERROR 0010, which indicates 
low signal strength.  Low signal strength is caused by 
one of the following:  

 an empty pipe (gas locked) 

 gas content in the liquid that exceeds 10% 

 inadequate acoustic grease between the flow 
meter transducer and the pipe 

 a broken connection between a transducer and the 
main circuit board—check wire terminations under 
the display. 

 The display may indicate a flow rate. 

 If 0.000 is indicated, it means that the meter is 
operating properly, but that the liquid is not moving. 

 A negative value would indicate that flow is moving 
backwards—against the flow direction arrow.  A 
standard TFXL will not output flow signals under 
this condition. 

 The flow meter indicates flow rate.  This verifies 
that signal strength is adequate and that the flow is 
moving in the direction that the flow arrow signifies. 

5. TFXL1 Responses—The TFXL1 is not equipped with a 
display, so troubleshooting requires the use of a computer 
and a PC interface cable.  See pages 22-28. 
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ULTRALINK™ COMPUTER SOFTWARE 

The ULTRALINK utility has been designed to provide the TFXL 
user with a powerful and convenient way to configure, 
troubleshoot and calibrate TFXL flow meters.  Several operating 
features can be setup or revised from factory set values using 
the ULTRALINK utility.  
 
Minimum PC Requirements 
Computer type - PC, operating system: Windows 95, Windows 
98, Windows 2000, Windows ME, Windows XP and Windows 
Vista®, an RS232 serial communications port, hard disk and CD-
ROM drive. 
Installation 
 
1. ULTRALINK can be found on the Dynasonics website for no 

charge or a CD can be purchased by contacting Dynasonics 
sales. 

2. Backup/Copy all files from the website link to a folder on the 
computer hard disk. 

3. From the “Start” command, RUN UISetup.exe from the hard 
disk folder. 

4. UISetup will automatically extract and install on the hard disk 
and place a short-cut icon on the desktop. 

5. Most PCs will require a restart after a successful installation. 
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UTRALINK Initialization 
 

1. Connect the PC to the TFXL flow meter by connecting the PC 
interface cable between a COM port on the PC and the PC 
Interface connection within the TFXL flow meter—See Page 
8 for location of the connector. 

2. Double-click on the ULTRALINK icon.  If it is the first time 
that ULTRALINK has been run on the computer, ULTRALINK 
will test Communications Port 1 for connection with the TFXL 
meter. If Comm port 1 is already in use by another 
application, ULTRALINK will prompt for another Comm port 
number. Once ULTRALINK has established communications, 
it will default to that setup upon program launch. 

Figure 12 
ULTRALINK Data Screen 

 IMPORTANT NOTE: 
Do not connect the interface cable between 
a TFXL and a personal computer unless the 
area is known to be non-hazardous. 

! 

Data Trend Flow Rate Data Trend Minutes 
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3. The opening screen, shown in Figure 12, is called the Data 
Screen. It contains a large data trend chart that can be 
adjusted for both the X(time) and Y(flow rate) axis. This 
screen also contains real-time information regarding flow 
rate, totalizer accumulations, system signal strength and 
diagnostic data. The indicator in the lower right-hand corner 
will indicate communications status. If a red ERROR 
appears, click on the Communications button on the top 
bar. Click on Initialize. Choose the appropriate COM port 
and RS232. Proper communications are established when 
a green OK is indicated in lower right-hand corner of the 
PC display.  
NOTE: Power on unit may need to be cycled in order to 
establish communication. 

4. Click on the button labeled Configuration for updating flow 
range, liquid, pipe and I/O operating information. The first 
screen that appears after clicking the Configuration button 
is the BASIC tab.  See Figure 13.  

5. BASIC TAB—See Figure 13 
 General Units allows selection of either English (U.S.) or 

Metric units of measure. If measurements of the pipe are to 
be entered in inches, select English.  If pipe measurements 

Figure 13 
Basic Tab 
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are to be entered in millimeters, select Metric. It is 
recommended that if the General Units are altered from 
those at instrument startup, that the Download button be 
pressed on the lower right-hand portion of the screen and 
that the TFXL have its power cycled. 

 Standard Configurations contains the most popular 
applications for the TFXL.  The TFXL has been constructed 
and configured at the Dynasonics factory for a specific pipe 
size.  If the Standard Configuration does not match the pipe 
schedule or material, select the proper configuration from 
the drop down list.  If the pipe schedule is not listed or if the 
liquid is not water, select Other on the drop down list and 
fill in the proper information on the setup screen. 

 
6. FLOW Tab—See Figure 14 
 Flow Rate Units are selected from the pull down lists.  

Select an appropriate rate unit and rate time-base from the 
two lists. 

 Totalizer Units are selected from pull down lists.  Select an  
appropriate totalizer unit and totalizer exponent. The 
totalizer exponents are in Scientific Notation and permit the 
eight digit totalizer to accumulate very large values before 
the totalizer “rolls over” and starts again at zero.  Table 1 
illustrates the Scientific Notation values and their respective 
decimal equivalents. 

 MIN Flow is used by the TFXL to establish filter settings in 
its operating system. Enter a flow rate that is the minimum 
flow rate anticipated within the system. For unidirectional 
systems, this value is typically zero. For bi-directional 
systems this value is set to a negative number that is equal 
to the maximum negative flow rate that is anticipated within 
the system. 

TFXL flow meters are constructed and configured at the 
Dynasonics factory for a single pipe size.  Altering pipe 
material and schedule is possible, but do not change pipe 
size or the meter may not operate or may operate with a 
large error. 
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Exponent Display Multiplier 

E-1 × 1   (No multiplier) 

E0 × 1   (No multiplier) 

E1 ×10 

E2 ×100 

E3 ×1,000 

E4 ×10,000 

E5 ×100,000 

E6 ×1,000,000 

TABLE 1—Totalizer Exponent Values 

 

Figure 14 
Flow Tab 
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 MAX Flow is used by the TFXL to establish filter settings in 
its operating system.  Enter a flow rate that is the maximum, 
positive flow rate anticipated within the system. 

 Low Flow Cutoff is entered as a percentage of MAX Flow 
and influences how the flow meter will act at flows very near 
zero.  Generally, an entry of 1% provides for a stable zero 
indication, while providing a 100:1 turndown ratio for 
measurements. 

 Low Signal Cutoff is a relative value that should be entered 
after a successful flow meter startup. For an initial value, 
enter 5 (Signal Strength indications below 5 are considered to 
be below the noise ceiling and should not be indicative of a 
successful flow meter startup). The entry has three purposes: 
provides an error indication—Low Signal Strength [Error 0010 
on the TFXL display] when liquid conditions in the pipe have 
changed to the point where flow measurements may not be 
possible, warns if the pipe’s liquid level has fallen below the 
level of the transducers,  and signals that something with the 
flow meter installation or configuration may have changed. 
Examples would include such things as the couplant used to 
mount the transducer has become compromised, a cable has 
become disconnected or a pipe size setting has been altered. 

 Substitute Flow is used to provide an indication and output 
that signifies that an error exists with the flow meter or its 
setup. It is set as a percentage between MIN Flow and MAX 
Flow.  In a unidirectional system this value is typically set to 
zero, to indicate zero flow while in an error condition.  In a bi-
directional system, the percentage can be set such that zero 
is displayed in a error condition.  To calculate where to set 
the Substitute Flow value in a bi-directional system perform 
the following operation: 

 
       SUBSTITUTE FLOW  =  100 -        100 × MAX Flow _   
                 MAX Flow - MIN Flow 
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 Entry of data in the Basic and Flow tabs are all that is 
required to provide flow measurement functions to the flow 
meter.  If the user is not going to utilize input/output functions, 
click on the Download button to transfer the configuration to 
the TFXL instrument. 

7. FILTERING TAB—See Figure 15 

The Filtering TAB contains several filter settings for the TFXL flow 
meter.  These filters can be adjusted to match response times and 
data “smoothing” performance to a particular application.  The 
factory settings are suitable for most installations. 

 Time Domain Filter adjusts the number of raw data sets (the 
wave forms viewed on the ULTRALINK Diagnostics Screen) 
that are averaged together.  Increasing this value will provide 
greater damping of the data and slow the response time of 
the flow meter.  This filter is not adaptive—it is operational to 
the value set at all times. 

 Flow Filter Damping establishes a maximum adaptive filter 
value.  Under stable flow conditions (flow that varies less than 
the Flow Filter Hysteresis entry) this adaptive filter will 

 

Figure 15 
Filtering Tab 
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increase the number of successive flow readings that are 
averaged together up to this maximum value.  If flow changes 
outside of the Flow Filter Hysteresis window, the Flow Filter 
adapts by decreasing and allows the meter to react faster.  
Increasing this value tends to provide smoother steady-state 
flow readings and outputs. 

 Flow Filter Hysteresis creates a window around the average 
flow measurement reading whereby if the flow varies within 
that window, greater Flow Filter Damping will occur.  The 
filter also establishes a flow rate window where 
measurements outside of the window are captured by the 
Bad Data Rejection Filter.  The value is entered as a 
percentage of actual flow rate. 

 Example: 
If the average flow rate is 100 GPM and the Flow Filter 
Hysteresis is set to 5%, a filter window of 95-105 GPM is 
established.  Successive flow measurements that are 
measured within that window are recorded and averaged 
in accordance with the Flow Filter Damping setting.  
Flow readings outside of the window are held up in 
accordance with the Bad Data Rejection Filter. 

 Flow Filter MinHysteresis sets a minimum hysteresis 
window that is invoked at low flow rates, where the “of rate” 
Flow Filter Hysteresis is very small and ineffective.  This 
entry is entered in pico-seconds and is differential time.  This 
value is factory set and should not be altered without 
consulting the Dynasonics technical services department. 

 Flow Filter Sensitivity allows configuration of how fast the 
Flow Filter Damping will adapt in the positive direction.  
Increasing this value allows greater damping to occur faster 
than lower values.  Adaptation in the negative direction is not 
user adjustable. 

 Bad Data Rejection is a value related to the number of 
successive readings that must be measured outside of the 
Flow Filter Hysteresis and Flow Filter MinHysteresis windows 
before the flow meter will use that flow value. Larger values 
are entered into the Bad Data Rejection when measuring 
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liquids that contain gas bubbles, as the gas bubbles tend to 
disturb the ultrasonic signals and cause more extraneous 
flow readings to occur. Larger Bad Data Rejection values 
tend to make the flow meter more sluggish to rapid changes 
in actual flow rate. 

8.  Output TAB—See Figure 16 

The entries made in the Output TAB establish range factors for 
the 4-20 mA and frequency outputs on the meter. The 4-20mA  is 
calibrated at the Dynasonics factory and cannot be altered in the 
field. However, the range of the output can be altered. 
 
The unit has been factory calibrated to output 1KHz at the 
maximum flow rate.  To change the frequency output at full scale, 
the value for the “Flow @1KHz” must be altered.  This may be 
required when installing the meter to replace a turbine style flow 
meter.  This example shows how to change the frequency output 
to match that of a turbine style flow meter. 

 

Figure 16 
Output Tab 
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                 Max flow rate                =    Flow @1KHz     
 Required frequency @max flow              1000Hz 

 
1) To determine the frequency out of a turbine meter at 

maximum flow, convert the maximum flow rate to gallons/
second, then multiply by the nominal K-factor (pulses/gallon). 

2) Calculate the flow rate that corresponds to 1000Hz.  Multiply 
the maximum flow rate times 1000Hz, then divide by the 
required frequency at maximum flow. 

3) Enter this value in the “Flow @1KHz” field. 
 Example: 

 Maximum Flow Rate = 400 GPM 
 Desired K-factor = 52 pulses/gallon 
 400 gallons/minute = 6.67 gallons/second 
 6.67 gallons/second × 52 pulses/gallons = 346.67Hz 
  
 Therefore: 
 (400 GPM × 1000Hz) / 346.67Hz = 1153.83 GPM 
 
 Enter 1153.83 into the “Flow @1KHz” field. 
  
To adjust the range of the 4-20mA output, simply enter the flow 
rate that corresponds to 4mA output in the “Flow @0Hz” field.  
Enter the flow rate that corresponds to 20mA output in the “Flow 
@ 1KHz” field. 
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9. Display TAB—See Figure 17 
The Display TAB permits configuration of the flow meter display. 

Display 
 Select Flow to display flow rate only on the display. 

 Select Total to display the flow accumulator only on 
the display. 

 Select Both to periodically toggle between rate and 
accumulated flow displays. 

Display Total 
 Select Net to display the accumulated difference 

between the positive and negative totalizers.  This 
feature will subtract backflow (drain back) from the 
totalizer value. 

 Select Positive to display only flows moving in the 
forward direction. 

 Select Negative to display only flows moving in the 
backwards direction. 
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Figure 17 
Display Tab 

Display Dwell Time 
 Enter a value between 1 and 10 seconds to establish 

how long the flow meter will display flow rate, then 
accumulated total, then rate and so on. 
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Setting Zero and Calibration 
ULTRALINK contains a powerful multi-point calibration routine 
that can be used to calibrate the TFXL flow meter to a primary 
measuring standard in a particular installation.  To initialize the 
three step calibration routine, press the Calibration button located 
on the top of the ULTRALINK Data Screen.  The display shown 
in Figure 18 will appear.  The first step in the calibration process 
is the selection of the engineering units that the calibration will be 
performed with.  Select the units and press the Next button at the 
bottom of the window. 
 
NOTE: Changes here will invalidate the current calibration. 
 
 
 

 
 
 
 
 
 
 
 

 

Figure 18 
Calibration Units 
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The second screen, Figure 19, establishes a baseline zero flow 
rate measurement for the instrument.  To zero the flow meter, 
establish zero flow in the pipe (turn off all pumps and close a 
dead-heading valve).  Wait until the delta-time interval shown in 
Figure 19 is stable (and typically very close to zero).  Press the 
Set button.  Press the Next button when complete, then press 
the Finish button on the Calibration Screen.  If the Set button 
was pressed, do not proceed with Flow Rate Calibration before 
pressing the Finish button to save the Zero setting. 
 
 
 
 

 
 
 
 
 
 
 

 

Figure 19 
Setting Zero Flow 

Wait for Stable Reading 
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The screen shown in Figure 20 allows multiple actual flow rates 
to be run past the meter and the values recorded by the TFXL.  
To calibrate a point, establish a stable, known flow rate (verified 
by a real-time primary flow instrument), enter the actual flow rate 
in the Figure 20 window and press the Set button.  Repeat for as 
many points as desired.  NOTE:  If only one point is to be used, it 
is preferred that a flow rate as high as anticipated in normal 
operation is used as the calibration point.  If an erroneous data 
point is collected, the point can be removed by pressing the Edit 
button, selecting the bad point and selecting Remove. 

 

Press the Finish button when all points have been gathered. 
 
 

 
Figure 20 

Flow Rate Calibration 

Enter Actual Flow Rate 

NOTE: 
Do not enter a zero point on this screen.  A zero will cause 
the TFXL to read no flow. 
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Saving Meter Configuration on a PC 
 
The complete configuration of the flow meter can be saved from 
the Configuration screen.  Select Save and name the file.  This 
file may be transferred to other flow meters or may be recalled 
should the same pipe be surveyed again or multiple meters 
programmed with the same information. 
 
 
Printing a Flow Meter Configuration and Calibration Report 
 
Select File from the upper task bar and Print to print a 
calibration/configuration information sheet for the flow meter 
installation. 
 
 
Maintenance 
 
No periodic maintenance is required for this product. 
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TFX Error Codes 
Warnings  

Code Number Description Correction 

0001 Serial number 
not present 

Hardware serial number has 
become inoperative — system 
performance will not be 
influenced.  

0010 
Signal strength 
is below signal 
strength cutoff 
entry. 

Low signal strength is typically 
caused by one of the following: 
 Empty pipe 
 Improper programming/

incorrect values 
 Improper transducer spacing 
 Non-homogeneous pipe wall 

0011 

Measured 
speed of sound 
in the liquid is 
greater than 
±10% different 
than the value 
entered during 
meter setup 

Verify that the correct liquid was 
selected in the Basic menu.  
 
Verify that the pipe size 
parameters are correct.  

Class C Errors  
Code Number Description Correction 

1001 System tables 
have changed 

Initiate a meter RESET by 
cycling the power. 

1002 
System configu-
ration has 
changed 

Initiate a meter RESET by 
cycling the power. 
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TFX Error Codes (cont.) 
Class B Errors   

Code Number Description Correction 

3001 Invalid hardware 
configuration. Upload corrected files. 

3002 Invalid system 
configuration. Upload corrected files. 

3003 Invalid strategy 
file.  Upload corrected files. 

3004 Invalid calibra-
tion data Recalibrate the system. 

3005 
Invalid speed of 
sound calibra-
tion data. 

Upload new data 

3006 Bad system 
tables. Upload new table data 

Class A Errors  

4001 Flash memory 
full. Return to factory for evaluation. 
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Unit does not turn “ON” 
when power is applied 

 Verify that voltage in the range of 11-
30 Vdc is present at the field terminals 

 If the voltage is present and neither 
LED on the main printed circuit board 
is illuminated, return the flow meter to 
the Dynasonics factory for evaluation. 

Unit reads zero flow when 
flow is actually running 

 Verify that the Maximum Flow Rate 
value is not set to a very high value 
and causing the Flow Cutoff percent 
entry to drive the readings to zero.  
Decrease Max Flow setting or 
decrease Flow Cutoff percentage. 

 Verify that a zero was not entered on 
page 3 of the calibration screen. 

ERROR 0010 is Displayed 
on the Screen 

 The flow meter is not mounted onto 
the pipe using an acoustic couplant. 

 The acoustic couplant is not uniform 
between the flow meter transducer 
and the pipe. 

 The liquid contains more than 10% 
suspended gas bubbles. 

 The pipe is full of gas—gas locked. 

Flow Meter Reads 
Negative Flow Readings 

 Flow is running backwards when 
compared to the FLOW DIRECTION 
arrow located on the side of the flow 
meter enclosure. 

Flow Meter is Reading 
Flow, But Output Is Not 
Transmitting  

 Verify that one of the LEDs on the 
main printed circuit board is flashing—
if not, return the flow meter to the 
Dynasonics factory. 

 Verify connections and polarity of 
wiring. 

 Test output with a milliamp meter, 
oscilloscope or other test instrument 

 Verify that the output is configured for 
RATE (Figure 16) 
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STATEMENT OF WARRANTY 
 

Dynasonics, division of Racine Federated Inc. warrants to the end 
purchaser, for a period of one year from the date of shipment from the 
factory, that all new transmitters and transducers manufactured by it are 
free from defects in materials and workmanship. This warranty does not 
cover products that have been damaged due to misapplication, abuse, 
lack of maintenance or improper installation. Dynasonics’ obligation 
under this warranty is limited to the repair or replacement of a defective 
product, at no charge to the end purchaser, if the product is inspected 
by Dynasonics and found to be defective. Repair or replacement is at 
Dynasonics’ discretion. A return goods authorization (RGA) number 
must be obtained from Dynasonics before any product may be returned 
for warranty repair or replacement. The product must be thoroughly 
cleaned and any process chemicals removed before it will be accepted 
for return. 
 
The purchaser must determine the applicability of the product for its 
desired use and assumes all risks in connection therewith. Dynasonics 
assumes no responsibility or liability for any omissions or errors in 
connection with the use of its products. Dynasonics will under no 
circumstances be liable for any incidental, consequential, contingent or 
special damages or loss to any person or property arising out of the 
failure of any product, component or accessory. 
 
All expressed or implied warranties, including the implied warranty of 
merchantability and the implied warranty of fitness for a particular 
purpose or application are expressly disclaimed and shall not apply 
to any products sold or services rendered by Dynasonics. 
 
The above warranty supersedes and is in lieu of all other warranties, 
either expressed or implied and all other obligations or liabilities. No 
agent or representative has any authority to alter the terms of this 
warranty in any way. 
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SERVICE AND REPAIR 
 
When returning equipment, it is necessary for you to contact our 
service department at (800) 535-3569 or (262) 639-6770 to 
obtain an RGA number for the authority and tracking of your 
material and its proper inspection and return.  All returns of 
equipment must go to the following address: 
 

Dynasonics 
Attn: RGA#xxxx 

8635 Washington Avenue 
Racine, WI  53406 



43
 

  



44 

 

 

8635 Washington Avenue 
Racine, WI  53406 

Toll-Free in U.S. and Canada:  
Tel: (800) 535-3569   Fax: (800) 732-8354 
Tel: (262) 639-6770   Fax: (262) 639-2267 

www.dynasonics.com 

DYNASONICS is a registered trademark of Racine Federated Inc. 
Ultralink is a trademark of Racine Federated Inc. 
WINDOWS and VISTA are registered trademarks of Microsoft Corp. 
NATIONAL ELECTRICAL CODE is a registered trademark of NFPA. 
UL is a registered trademark of Underwriters Laboratories, Inc. 
Specifications are subject to change without notice. 

© 2011 Racine Federated Inc. 
Printed in USA 

Form 06-TTM-UM-00157 08/11 
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Important User Information

Solid state equipment has operational characteristics differing from those of electromechanical equipment. 
Safety Guidelines for the Application, Installation and Maintenance of Solid State Controls (Publication 
SGI-1.1 available from your local Rockwell Automation sales office or online at 
http://literature.rockwellautomation.com) describes some important differences between solid state 
equipment and hard-wired electromechanical devices. Because of this difference, and also because of the 
wide variety of uses for solid state equipment, all persons responsible for applying this equipment must 
satisfy themselves that each intended application of this equipment is acceptable.

In no event will Rockwell Automation, Inc. be responsible or liable for indirect or consequential damages 
resulting from the use or application of this equipment.

The examples and diagrams in this manual are included solely for illustrative purposes. Because of the many 
variables and requirements associated with any particular installation, Rockwell Automation, Inc. cannot 
assume responsibility or liability for actual use based on the examples and diagrams.

No patent liability is assumed by Rockwell Automation, Inc. with respect to use of information, circuits, 
equipment, or software described in this manual.

Reproduction of the contents of this manual, in whole or in part, without written permission of Rockwell 
Automation, Inc., is prohibited.

Throughout this manual, when necessary, we use notes to make you aware of safety considerations.

WARNING
Identifies information about practices or circumstances that can cause an explosion 
in a hazardous environment, which may lead to personal injury or death, property 
damage, or economic loss.

IMPORTANT Identifies information that is critical for successful application and understanding of 
the product.

ATTENTION
Identifies information about practices or circumstances that can lead to personal 
injury or death, property damage, or economic loss. Attentions help you identify a 
hazard, avoid a hazard and recognize the consequences.

SHOCK HAZARD

Labels may be on or inside the equipment (for example, drive or motor) to alert 
people that dangerous voltage may be present.

BURN HAZARD

Labels may be on or inside the equipment (for example, drive or motor) to alert 
people that surfaces may reach dangerous temperatures.
Publication 1763-IN001B-EN-P - September 2007
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Additional Resources

If you would like a manual, you can:

• download a free electronic version from the internet: 
http://literature.rockwellautomation.com

• purchase a printed manual by contacting your local Allen-Bradley distributor 
or Rockwell Automation representative

Resource Description

MicroLogix 1100 Programmable Controllers User 
Manual 1763-UM001

A more detailed description of how to install and use your 
MicroLogix 1100 programmable controller and expansion 
I/O system.

MicroLogix 1100 Instruction Set Reference 
Manual1763-RM001

A reference manual that contains data and function files, 
instruction set, and troubleshooting information for 
MicroLogix 1100.

Installation Instructions 1762-INxxx Information on installing and using 1762 expansion I/O 
modules.

Industrial Automation Wiring and Grounding 
Guidelines 1770-4.1

More information on proper wiring and grounding 
techniques.
Publication 1763-IN001B-EN-P - September 2007
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Overview
MicroLogix 1100 controllers are suitable for use in an industrial environment when 
installed in accordance with these instructions. Specifically, this equipment is 

intended for use in clean, dry environments (Pollution degree 2(1)) and with circuits 

not exceeding Over Voltage Category II(2) (IEC 60664-1).(3)

Install your controller using these installation instructions.

(1) Pollution Degree 2 is an environment where, normally, only non-conductive pollution occurs except that occasionally a 
temporary conductivity caused by condensation shall be expected.

(2) Over Voltage Category II is the load level section of the electrical distribution system. At this level transient voltages are 
controlled and do not exceed the impulse voltage capability of the product’s insulation.

(3) Pollution Degree 2 and Over Voltage Category II are International Electrotechnical Commission (IEC) designations.

ATTENTION Do not remove the protective debris strip until after the controller and all other equipment 
in the panel near the controller are mounted and wiring is complete. Once wiring is 
complete, remove protective debris strip. Failure to remove strip before operating can 
cause overheating.

ATTENTION
Electrostatic discharge can damage semiconductor devices inside the controller. Do not 
touch the connector pins or other sensitive areas.

debris strip
Publication 1763-IN001B-EN-P - September 2007
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Controller Description

Item Description

1 Output Terminal Block

2 Battery Connector

3 Bus Connector Interface to Expansion I/O

4 Battery

5 Input Terminal Block

6 LCD Display

7 LCD Display Keypad (ESC, OK, Up, Down, Left, Right)

8 Status LEDs

9 Memory Module Port Cover(1) -or- Memory Module(2)

(1) Shipped with controller.

(2) Optional equipment.

10 DIN Rail Latches

11 RS-232/485 Communication Port (Channel 0, isolated)

12 Ethernet Port (Channel 1)

12

11

1

2

3

56

7

8

9

10

4

ESC OK
Publication 1763-IN001B-EN-P - September 2007
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Hazardous Location Considerations
This equipment is suitable for use in Class I, Division 2, Groups A, B, C, D or 
non-hazardous locations only. The following WARNING statement applies to use in 
hazardous locations.

Catalog 
Number

Description

Input 
Power

Digital 
Inputs

Analog 
Inputs

Digital 
Outputs

Comm. 
Ports

1763-L16AWA 120/240V ac (10) 120V ac (2) voltage input

0...10V dc

(6) relay

All individually 
isolated

(1) RS-232/485
     combo
     (isolated)
(1) Ethernet

1763-L16BWA 120/240V ac (6) 24V dc

(4) high-speed 

24V dc(1)

(1) The 4 high-speed inputs (inputs 0 through 3) can be used for pulse latching or higher speed counting. Refer to Input 
Specifications on page 24 and the MicroLogix 1100 Instruction Set Reference Manual, publication 1763-RM001, for more 
information.

(2) voltage input

0 ...10V dc

(6) relay

All individually 
isolated

(1) RS-232/485
     combo
     (isolated)
(1) Ethernet

1763-L16BBB 24V dc (6) 24V dc

(4) high-speed 

24V dc(1)

(2) voltage input

0...10V dc

(2) relay (isolated)
(2) 24V dc FET
(2) high-speed 
    24V dc FET

(1) RS-232/485
     combo
     (isolated)
(1) Ethernet

1763-L16DWD 12/24V dc (6) 12/24V dc

(4) high-speed 

12/24V dc(1)

(2) voltage input

0...10V dc

(6) relay

All individually 
isolated

(1) RS-232/485
     combo
     (isolated)
(1) Ethernet

WARNING EXPLOSION HAZARD

• Substitution of components may impair suitability for Class I, Division 2.

• Do not replace components or disconnect equipment unless power has been 
switched off.

• Do not connect or disconnect components unless power has been switched off.

• This product must be installed in an enclosure. All cables connected to the 
product must remain in the enclosure or be protected by conduit or other means.

• All wiring must comply with N.E.C. article 501-10(b).
Publication 1763-IN001B-EN-P - September 2007
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Use only the following communication cables in Class I, Division 2 hazardous 
locations.

Mounting the Controller

General Considerations
Most applications require installation in an industrial enclosure to reduce the effects 
of electrical interference and environmental exposure. Locate your controller as far 
as possible from power lines, load lines, and other sources of electrical noise such 
as hard-contact switches, relays, and ac motor drives. For more information on 
proper grounding guidelines, see the Industrial Automation Wiring and Grounding 
Guidelines, publication 1770-4.1.

Environment Classification Communication Cables

Class I, Division 2 Hazardous Environment 1761-CBL-AC00 Series C or later 

1761-CBL-AM00 Series C or later

1761-CBL-AP00 Series C or later

1761-CBL-PM02 Series C or later

1761-CBL-HM02 Series C or later

2707-NC9 Series C or later

1763-NC01 Series A or later

ATTENTION UNSUPPORTED CONNECTION

Do not connect a MicroLogix 1100 controller to another MicroLogix family controller 
such as MicroLogix 1000, MicroLogix 1200, or MicroLogix 1500 using a 1761-CBL-AM00 
(8-pin mini-DIN to 8-pin mini-DIN) cable or equivalent. 

This type of connection will cause damage to the RS-232/485 communication port 
(Channel 0) of the MicroLogix 1100 and/or the controller itself. Communication pins 
used for RS-485 communications are alternately used for 24V power on the other 
MicroLogix controllers.
Publication 1763-IN001B-EN-P - September 2007
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Mounting Dimensions

ATTENTION

Vertical mounting is not supported due to thermal considerations.

ATTENTION Be careful of metal chips when drilling mounting holes for your controller or other 
equipment within the enclosure or panel. Drilled fragments that fall into the controller 
could cause damage. Do not drill holes above a mounted controller if the protective 
debris strips have been removed.

Dimension 1763-

L16AWA L16BWA L16BBB L16DWD

A 90 mm (3.5 in.)

B 110 mm (4.33 in.)

C 87 mm (3.43 in.)

C

B
A

1763-L16AWA, 1763-L16BWA, 1763-L16BBB, 1763-L16DWD
Publication 1763-IN001B-EN-P - September 2007
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Controller Spacing
The controller mounts horizontally, with the expansion I/O extending to the right 
of the controller. Allow 50 mm (2 in.) of space on all but the right side for adequate 
ventilation, as shown below.

DIN Rail Mounting
The maximum extension of the latch is 14 mm (0.55 in.) in the open position. A 
flat-blade screwdriver is required for removal of the controller. The controller can 
be mounted to EN50022-35x7.5 or EN50022-35x15 DIN rails. DIN rail mounting 
dimensions are shown below.

Dimension Height

A 90 mm (3.5 in.)

B 27.5 mm (1.08 in.)

C 27.5 mm (1.08 in.)

ESC OK

Top

Side

Bottom

A

B

C

Publication 1763-IN001B-EN-P - September 2007
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Follow these steps to install your controller on the DIN rail.

1. Mount your DIN rail. (Make sure that the placement of the controller on the 
DIN rail meets the recommended spacing requirements. See Controller 
Spacing on page 11. Refer to the mounting template inside the back cover of 
this document.)

2. If it is open, close the DIN latch.

3. Hook the top slot over the DIN rail.

4. While pressing the controller down against the top of the rail, snap the 
bottom of the controller into position.

5. Leave the protective debris strip attached until you are finished wiring the 
controller and any other devices.

Follow these steps to remove your controller from the DIN rail.

1. Place a flat-blade screwdriver in the DIN rail latch at the bottom of the 
controller.

2. Holding the controller, pry downward on the latch until the latch locks in 
the open position. 

3. Repeat steps 1 and 2 for the second DIN rail latch.

4. Unhook the top of the DIN rail slot from the rail.

ESC OK

open
closed
Publication 1763-IN001B-EN-P - September 2007
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Panel Mounting
Mount to panel using #8 or M4 screws. Follow these steps to install your controller 
using mounting screws.

1. Remove the mounting template from inside the back cover of this document.

2. Secure the template to the mounting surface. (Make sure your controller is 
spaced properly. See Controller Spacing on page 11.)

3. Drill holes through the template.

4. Remove the mounting 
template.

5. Mount the controller.

6. Leave the protective debris 
strip in place until you are 
finished wiring the controller 
and any other devices

Using the Battery
The MicroLogix 1100 controller is equipped with a replaceable battery. The Battery 
Low indicator on the LCD display of the controller shows the status of the 
replaceable battery. When the battery is low, the indicator is set (displayed as a 
solid rectangle). This means that either the battery wire connector is disconnected, 
or the battery may fail within 2 days if it is connected. 

IMPORTANT The MicroLogix 1100 controller ships with the battery wire connector connected. 

Ensure that the battery wire connector is inserted into the connector port if your 
application needs battery power. For example, when using a real-time clock (RTC), or 
to store the program in the controller’s memory for an extended period of time while 
the power is removed.

Refer to the MicroLogix 1100 Programmable Controller User Manual, publication 
1763-UM001, for more information on installation, handling, usage, storage, and 
disposal of the battery.

Mounting 
Template
Publication 1763-IN001B-EN-P - September 2007
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Follow these steps to connect the replaceable battery.

1. Insert the replaceable battery wire connector into the battery connector.

2. Secure the battery connector wires along the wire guide as shown below.

ESC OK

Wire Guide

Battery Connector Wires

Replaceable 
Battery

Replaceable Battery Pocket

Battery Wire Connector

Battery Connector
Publication 1763-IN001B-EN-P - September 2007



     15
Connecting 1762 I/O Expansion Modules

Connect 1762 I/O after mounting the controller.

1. Remove the expansion port cover to install expansion I/O modules.

2. Plug the ribbon cable connector into the bus connector.

3. Replace the cover as shown below.

The MicroLogix 1100 controller is designed to support up to any four 1762 
expansion I/O modules.

For detailed information on using expansion I/O, refer to the installation 
instructions for your expansion module.

ATTENTION
Remove power to the system before installing or removing expansion I/O or damage to the 
controller may result.
Publication 1763-IN001B-EN-P - September 2007
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Wiring the Controller

Terminal Block Layouts

TIP The shading in the following terminal block illustrations 
indicates which terminals are tied to which commons.

AC
COM

NOT
USED

VAC O/0
VDC

VAC O/1
VDC

VAC O/2
VDC

VAC O/3
VDC

VAC O/4
VDC

VAC O/5
VDC

NOT
USED

NOT
USED

L1 L2/N
100-240 VAC

NOT
USED I/1I/0 I/2 I/3

AC
COM I/4 I/5

IA
COM IV1(+) IV2(+)I/6 I/7 I/8 I/9

1763-L16AWA Input Terminal Block

Output Terminal Block

DC
COM-

VAC O/0
VDC

VAC O/1
VDC

VAC O/2
VDC

VAC O/3
VDC

VAC O/4
VDC

VAC O/5
VDC

NOT
USED

NOT
USED

L1 L2/N
100-240 VAC

DC OUT
+ 24V I/1I/0 I/2 I/3

DC
COM I/4 I/5

IA
COM IV1(+) IV2(+)I/6 I/7 I/8 I/9

1763-L16BWA Input Terminal Block

Output Terminal Block

DC
COM

NOT
USED

VAC O/0
VDC

VAC O/1
VDC

NOT
USED

NOT
USED

DC O/2 O/3
24V+

DC
24V-

O/4 O/5NOT
USED

NOT
USED

+ 24V -
DC IN

NOT
USED I/1I/0 I/2 I/3

DC
COM I/4 I/5

IA
COM IV1(+) IV2(+)I/6 I/7 I/8 I/9

1763-L16BBB Input Terminal Block

Output Terminal Block
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 Wire Requirements

Wiring Recommendation
The MicroLogix 1100 controllers have screw-cage clamps on the input and output 
terminal blocks. With screw-cage clamp terminal blocks, there is no need to attach 
additional hardware such as a spade lug to the wire, or use a finger-safe cover. 

Follow these steps to wire the terminal block.

1. Strip the end of the wire.

The recommended length for the stripped end of the wire is 11.0 mm 
(0.440 in.).

Wire Type Wire Size (2 wire maximum per terminal)

1 wire per terminal 2 wire per terminal

Solid Cu-90 °C (194 °F) 12...20 AWG 16...20 AWG

Stranded Cu-90 °C (194 °F) 14...20 AWG 18...20 AWG

Wiring torque = 0.56 Nm (5.0 in-lb) rated.

ATTENTION Be careful when stripping wires. Wire fragments that fall into the controller could 
cause damage. Once wiring is complete, be sure the controller is free of all metal 
fragments before removing the protective debris strip. Failure to remove the strip 
before operating can cause overheating.

Input Terminal Block

Output Terminal Block

DC
COM

NOT
USED

+ 12/24V -
DC IN

NOT
USED I/1I/0 I/2 I/3

DC
COM I/4 I/5

IA
COM IV1(+) IV2(+)I/6 I/7 I/8 I/9

 
 

 

VAC O/0
VDC

VAC O/1
VDC

VAC O/2
VDC

VAC O/3
VDC

VAC O/4
VDC

VAC O/5
VDC

NOT
USED

NOT
USED

1763-L16DWD
Publication 1763-IN001B-EN-P - September 2007
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2. Insert it into an open clamp.

3. Using a small, flat-blade screwdriver, tighten the terminal screw. To ensure 
that the wire conductor is secured inside the clamp, tighten it to the rated 
torque, 0.56 Nm (5.0 in-lb). 

The diameter of the terminal screw head is 5.5 mm (0.220 in.).

Surge Suppression

ATTENTION Inductive load devices such as motor starters and solenoids require the use of some 
type of surge suppression to protect the controller output. Switching inductive loads 
without surge suppression can significantly reduce the life of relay contacts or 
damage transistor outputs. By using suppression, you also reduce the effects of 
voltage transients caused by interrupting the current to that inductive device, and 
prevent electrical noise from radiating into system wiring. Refer to the MicroLogix 
1100 Programmable Controller User Manual, publication 1763-UM001, for more 
information on surge suppression.

Screw-cage clamp terminal block
Publication 1763-IN001B-EN-P - September 2007
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Grounding the Controller
In solid-state control systems, grounding and wire routing helps limit the effects of 
noise due to electromagnetic interference (EMI). Run the ground connection from 
the ground screw of the controller to the ground bus prior to connecting any 
devices. Use AWG #14 wire. For ac-powered controllers, this connection must be 
made for safety purposes.

You must also provide an acceptable grounding path for each device in your 
application. For more information on proper grounding guidelines, refer to the 
Industrial Automation Wiring and Grounding Guidelines, publication 1770-4.1.

ATTENTION All devices connected to the RS-232/485 communication port must be referenced to 
controller ground, or be floating (not referenced to a potential other than ground). 
Failure to follow this procedure may result in property damage or personal injury.

• For the 1763-L16BWA controller:

The COM of the sensor supply is also connected to chassis ground internally. 
The 24V dc sensor power source should not be used to power output circuits. It 
should only be used to power input devices.

• For 1763-L16BBB and 1763-L16DWD controllers:

The VDC NEUT or common terminal of the power supply is also connected to 
chassis ground internally.
Publication 1763-IN001B-EN-P - September 2007
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Wiring Your Analog Channels
Analog input circuits can monitor voltage signals and convert them to serial digital 
data.

The controller does not provide loop power for analog inputs. Use a power supply 
that matches the transmitter specifications as shown below.

Minimizing Electrical Noise on Analog Channels
Inputs on analog channels employ digital high-frequency filters that significantly 
reduce the effects of electrical noise on input signals. However, because of the 
variety of applications and environments where analog controllers are installed and 
operated, it is impossible to ensure that all environmental noise will be removed by 
the input filters.

IA
COM IV1(+) IV2(+)

Sensor 2
(V) Voltage

Sensor 1
(V) Voltage

IV1(+) or IV2(+)
IA COM

IV1(+) or IV2(+)
IA COM

+ -

+
-

+
-

IV1(+) or IV2(+)
IA COM

+
-

+
-

GND
+
-

TransmitterTransmitter

Transmitter

Transmitter

Supply Signal

Supply Signal

Controller

Controller

Controller

Power 
Supply

3-Wire Transmitter

4-Wire Transmitter

2-Wire Transmitter

Power 
Supply

Power 
Supply
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Several specific steps can be taken to help reduce the effects of environmental 
noise on analog signals:

• install the MicroLogix 1100 system in a properly rated (NEMA) enclosure. 
Make sure that the MicroLogix 1100 system is properly grounded.

• use Belden cable #8761 for wiring the analog channels, making sure that the 
drain wire and foil shield are properly earth grounded.

• route the Belden cable separately from any ac wiring. Additional noise 
immunity can be obtained by routing the cables in grounded conduit.

Grounding Your Analog Cable
Use shielded communication 
cable (Belden #8761). The 
Belden cable has two signal 
wires (black and clear), one 
drain wire, and a foil shield. 
The drain wire and foil shield 
must be grounded at one end 
of the cable.  

IMPORTANT Do not ground the drain wire and foil shield at both ends of the cable.

Foil Shield
Black Wire

Drain WireClear Wire

Insulation
Publication 1763-IN001B-EN-P - September 2007
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Specifications

General Specifications

Description 1763-

L16AWA L16BWA L16BBB L16DWD

Dimensions Height: 90 mm (3.5 in.), 104 mm (4.09 in.) (with DIN latch open)
Width: 110 mm (4.33 in.), Depth: 87 mm (3.43 in.)

Shipping Weight 0.9 kg (2.0 lbs)

Number of I/O 12 inputs (10 digital and 2 analog) and 6 outputs

Power Supply 
Voltage

100...240V ac (-15%, +10%) at 47...63 Hz 24V dc (-15%, 
+10%) Class 2 SELV

12V to 24V dc 
( -15%, +10%) 
Class 2 SELV

Heat Dissipation Refer to the MicroLogix 1100 Programmable Controllers User Manual, Publication 
1763-UM001.

Power Supply 
Inrush Current

120V ac: 25 A for 8 ms
240V ac: 4 0A for 4 ms

24V dc: 
15 A for 20 ms

Power 
Consumption

46 VA 52 VA 35W

24V dc Sensor 
Power

none 24V dc at 250 mA
400 µF max.

none

Input Circuit Type Digital: 120V ac

Analog: 0...10V dc

Digital: 24V dc 
sink/source
(standard and 
high-speed)

Analog: 0...0V dc

Digital: 24V dc 
sink/source
(standard and 
high-speed)

Analog: 0...10V dc 

Digital: 12/24V dc 
sink/source
(standard and 
high-speed)

Analog: 0...10V dc 

Output Circuit 
Type

Relay Relay Relay/FET Relay

Temperature, 
Operating

-20... +65 °C (-4 ...+149 °F)

Temperature, 
Storage

-40...+85 °C (-40... +185 °F)

Relative Humidity 5...95% non-condensing

Vibration Operating: 10... 500 Hz, 5 g, 0.015 in. max. peak-to-peak, 2 hours each axis
Relay Operation: 1.5 g

Shock, Operating 30 g; 3 pulses each direction, each axis
Relay Operation: 10 g

Shock, 
Nonoperating

50 g panel mounted (40 g DIN Rail mounted); 3 pulses each direction, 
each axis
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Terminal Screw 
Torque

0.56 Nm (5.0 in-lb) rated

Certifications UL Listed Industrial Control Equipment for use in Class 1, Division 2, Hazardous 
Locations, Groups A, B, C, D

C-UL Listed Industrial Control Equipment for use in Canada

CE marked for all applicable directives

C-Tick marked for all applicable acts

Electrical/EMC The controller has passed testing at the following levels:

ESD Immunity EN 61000-4-2
4 kV contact, 8 kV air, 4 kV indirect

Radiated RF 
Immunity

EN 61000-4-3
10V/m, 26 to 1000 MHz (alternatively, 80 to 1000 MHz), 
80% amplitude modulation, +900 MHz keyed carrier

Fast Transient 
Immunity

EN 61000-4-4
2 kV, 5 kHz
communications cable such as EtherNet, RS-232, and RS-485: 1 kV, 5 kHz

Surge Transient 
Immunity

EN 61000-4-5
Unshielded communications cable: 2 kV CM (common mode), 1 kV DM (differential 
mode)
Shielded communications cable: 1 kV galvanic gun
I/O: 2 kV CM (common mode), 1 kV DM (differential mode)
ac Power Supply Input: 4 kV CM (common mode), 2 kV DM (differential mode)
dc Power Supply Input: 500V CM (common mode), 500V DM (differential mode)
ac/dc Auxiliary Output: 500V CM (common mode), 500V DM (differential mode)

Conducted RF 
Immunity

EN 61000-4-6
10V, 150 kHz...80 MHz

Conducted 
Emissions

EN 55011
ac Power Supply Input: 150 kHz...30 MHz

Radiated 
Emissions

EN 55011
30...1000 MHz

Line Related Tests EN 61000-4-11
ac Power Supply Input:
   voltage drop: -30% for 10 ms, -60% for 100 ms
   voltage interrupt: at voltage greater than -95% for 5 secs. 
   voltage fluctuation: +10% for 15 minutes, -10% for 15 minutes
dc Power Supply Input:
   voltage fluctuation: +20% for 15 minutes, -20% for 15 minutes

General Specifications

Description 1763-

L16AWA L16BWA L16BBB L16DWD
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Input Specifications

Digital Inputs

Description 1763-L16AWA 1763-L16BWA, -L16BBB

Inputs 0 through 3
(4 high-speed dc inputs)

Inputs 4 and higher
(6 standard dc inputs)

On-State Voltage 
Range

79 ...132V ac 14...24V dc 

(14...26.4V dc (+10%) at 
65 °C/149 °F)
(14...30V dc (+25%) at 
30 °C/86 °F)

10...24V dc 

(10...26.4V dc (+10%) at 
65 °C/149 °F)
(10...30V dc (+25%) at 
30 °C/86 °F)

Off-State Voltage 
Range

0...20V ac 0...5V dc

Operating 
Frequency

47...63 Hz 0 Hz...20 kHz 0 Hz...1 kHz
(scan time dependent)

On-State Current:

• minimum

• nominal

• maximum

• 5.0 mA at 79V 
ac

• 12 mA at 120V 
ac

• 16.0 mA at 
132V ac

• 2.5 mA at 14V dc

• 8.8 mA at 24V dc

• 12.0 mA at 30V dc

• 2.0 mA at 10V dc

• 8.5 mA at 24V dc

• 12.0 mA at 30V dc

Off-State Leakage 
Current

2.5 mA max. 1.5 mA max.

Nominal 
Impedance

12 kΩ at 50 Hz

10 kΩ at 60 Hz 

3.1 kΩ 3.1 kΩ

Inrush Current 
(max.) at 120V ac

250 mA Not Applicable
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Digital Input Specifications for 1763-L16DWD

Description 1763-L16DWD

Inputs 0 through 3
(4 high-speed dc inputs)

Inputs 4 and higher
(6 standard dc inputs)

On-State Voltage Range 10...24V dc at 65 °C/149 °F)
(10...30V dc at 30 °C/86 °F)

Off-State Voltage Range 0...5V dc

Operating Frequency 0 Hz...40 kHz(1)

(1) OS Series B FRN 4 or later.

0 Hz...1 kHz

On-State Current:

• minimum

• nominal

• maximum

• 2.0 mA at 10V dc

• 8.5 mA at 24V dc

• 12.0 mA at 30V dc

Off-State Leakage Current 1.5 mA max.

Nominal Impedance 2.61 kΩ 3.1 kΩ

Maximum Inrush Current Not Applicable

Analog Inputs

Description 1763-L16AWA, -L16BWA, -L16BBB, -L16DWD

Voltage Input Range 0 ...10.0V dc - 1 LSB

Type of Data 10-bit unsigned integer

Input Coding (0 to 10.0V dc - 1 LSB) 0 ...+1,023

Voltage Input Impedance 210 kΩ

Input Resolution 10 bit

Non-linearity ±0.5% of full scale

Overall Accurarcy 
-20...+65 °C (-4...+149 °F)

±0.5% of full scale

Voltage Input Overvoltage Protection 10.5V dc

Field Wiring to Logic Isolation Non-isolated with logic
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Output Specifications For Hazardous Locations Applications 
(Class I, Division 2, Groups A, B, C, D)

General

Description 1763

-L16AWA, -L16BWA, 
-L16DWD

-L16BBB

Relay and FET Outputs

Maximum Controlled Load 1080 VA 360 VA

Maximum Continuous Current:

Current per Group Common 3A 3A

Current per Controller at 150V max 18 A or total of per-point loads, whichever is less

at 240V max 18 A or total of per-point loads, whichever is less

Relay Outputs

Turn On Time/Turn Off Time 10 msec (maximum)(1)

(1) Scan time dependent.

Load Current 10 mA (minimum)

Relay Contact Ratings

Maximum Volts Amperes Amperes 
Continuous

Volt-Amperes

Make Break Make Break

240V ac 7.5 A 0.75 A 3.0 A 1800 VA 180 VA

120V ac 15.0 A 1.5 A 3.0 A 1800 VA 180 VA

125V dc 0.22 A 1.0 A 28 VA
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Output Specifications For Ordinary (Non-Hazardous) Locations only

General

Description 1763

-L16AWA, -L16BWA, 
-L16DWD

-L16BBB

Relay and FET Outputs

Maximum Controlled Load 1440 VA 720 VA

Maximum Continuous Current:

Current per Group Common 5A 5A

Current per Controller at 150V max 30 A or total of per-point loads, whichever is less

at 240V max 20 A or total of per-point loads, whichever is less

Relay Outputs

Turn On Time/Turn Off Time 10 msec (maximum)(1)

(1) Scan time dependent.

Load Current 10 mA (minimum)

Relay Contact Ratings

Maximum Volts Amperes Amperes 
Continuous

Volt-Amperes

Make Break Make Break

240V ac 15.0 A 1.5 A 5.0 A(1)

(1) 3.0 A above 40 °C.

3600 VA 360 VA

120V ac 30.0 A 3.0 A 3600 VA 360 VA

125V dc 0.22 A 1.0 A 28 VA
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BBB FET Output Specifications

Description General Operationl High Speed Operation(1)

(Output 2 and 3 Only)

Power Supply Voltage 24V dc (-15%, +10%)

On-State Voltage Drop:

• at maximum load current

• at maximum surge current

• 1V dc

• 2.5V dc

• Not Applicable

• Not Applicable

Current Rating per Point

• maximum load

• minimum load

• maximum leakage

• See graphs below

• 1.0 mA

• 1.0 mA

• 100 mA

• 10 mA

• 1.0 mA

Maximum Output Current (temperature dependent):

Surge Current per Point:

• peak current

• maximum surge duration

• maximum rate of repetition at 30 °C (86 °F)

• maximum rate of repetition at 65 °C (149 °F)

• 4.0 A

• 10 ms

• once every second

• once every 2 
seconds

• Not Applicable

• Not Applicable

• Not Applicable

• Not Applicable
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Working Voltage

Turn-On Time (maximum) 0.1 ms 6 µs

Turn-Off Time (maximum) 1.0 ms 18 µs

Repeatability (maximum) Not Applicable 2 µs

Drift (maximum) Not Applicable 1 µs per 5 °C (9 °F)

(1) Output 2 and 3 are designed to provide increased functionality over the other FET outputs. Output 2 and 3 may be used like 
the other FET transistor outputs, but in addition, within a limited current range, they may be operated at a higher speed. 
Output 2 and 3 also provide a pulse train output (PTO) or pulse width modulation output (PWM) function.

Working Voltage (1763-L16AWA)

Description 1763-L16AWA

Power Supply Input to 
Backplane Isolation 

Verified by one of the following dielectric tests: 1836V ac for 1 second or 
2596V dc for 1 second

265V ac Working Voltage (IEC Class 2 reinforced insulation)

Input Group to Backplane 
Isolation

Verified by one of the following dielectric tests:1517V ac for 1 second or 
2145V dc for 1 second

132V ac Working Voltage (IEC Class 2 reinforced insulation)

Input Group to Input Group 
Isolation

Verified by one of the following dielectric tests:1517V ac for 1 second or 
2145V dc for 1 second

132V ac Working Voltage (basic insulation)

Output Group to Backplane 
Isolation 

Verified by one of the following dielectric tests: 1836V ac for 1 second or 
2596V dc for 1 second

265V ac Working Voltage (IEC Class 2 reinforced insulation)

Output Group to Output 
Group Isolation

Verified by one of the following dielectric tests: 1836V ac for 1 second or 
2596V dc for 1second

265V ac Working Voltage (basic insulation), 150V ac Working Voltage (IEC 
Class 2 reinforced insulation)

BBB FET Output Specifications

Description General Operationl High Speed Operation(1)

(Output 2 and 3 Only)
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Working Voltage (1763-L16BWA)

Description 1763-L16BWA

Power Supply Input to 
Backplane Isolation 

Verified by one of the following dielectric tests:1836V ac for 1 second or 2596V 
dc for 1 second

265V ac Working Voltage (IEC Class 2 reinforced insulation)

Input Group to Backplane 
Isolation and Input Group to 
Input Group Isolation

Verified by one of the following dielectric tests: 1100V ac for 1 second or 
1697V dc for 1 second

75V dc Working Voltage (IEC Class 2 reinforced insulation)

Output Group to Backplane 
Isolation 

Verified by one of the following dielectric tests: 1836V ac for 1 second or 
2596V dc for 1 second

265V ac Working Voltage (IEC Class 2 reinforced insulation).

Output Group to Output 
Group Isolation

Verified by one of the following dielectric tests: 1836V ac for 1 second or 
2596V dc for 1 second

265V ac Working Voltage (basic insulation) 150V Working Voltage (IEC Class 2 
reinforced insulation)

Working Voltage (1763-L16BBB)

Description 1763-L16BBB

Input Group to Backplane 
Isolation and Input Group to 
Input Group Isolation

Verified by one of the following dielectric tests: 1100V ac for 1 second or 
1697V dc for 1 second

75V dc Working Voltage (IEC Class 2 reinforced insulation)

FET Output Group to 
Backplane Isolation

Verified by one of the following dielectric tests: 1100V ac for 1 second or 
1697V dc for 1 second

75V dc Working Voltage (IEC Class 2 reinforced insulation)

Relay Output Group to 
Backplane Isolation 

Verified by one of the following dielectric tests: 1836V ac for 1 second or 
2596V dc for 1 second

265V ac Working Voltage (IEC Class 2 reinforced insulation)

Relay Output Group to Relay 
Output Group and FET 
Output Group Isolation

Verified by one of the following dielectric tests: 1836V ac for 1 second or 
2596V dc for 1 second

265V ac Working Voltage (basic insulation), 150V Working Voltage 
(IEC Class 2 reinforced insulation)
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Working Voltage (1763-L16DWD)

Description 1763-L16DWD

Input Group to Backplane 
Isolation and Input Group to 
Input Group Isolation

Verified by one of the following dielectric tests: 1200V ac for 1 second or 
1697V dc for 1 second

75V dc Working Voltage (IEC Class 2 reinforced insulation)

Output Group to Backplane 
Isolation 

Verified by one of the following dielectric tests: 1836V ac for 1 second or 
2596V dc for 1 second

265V ac Working Voltage (IEC Class 2 reinforced insulation).

Output Group to Output Group 
Isolation

Verified by one of the following dielectric tests: 1836V ac for 1 second or 
2596V dc for 1 second

265V ac Working Voltage (basic insulation) 150V Working Voltage (IEC Class 2 
reinforced insulation)
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1763-L16AWA

95.00 mm
(3.740 in.)

Expansion I/O

d'extension d'E/S

E/A - 
Erweiterungsmodule

l'espansione dei 
moduli I/O

de expansión de E/S

de expa nsão de E/S

DIN rail center line.
Ligne médiane du rail DIN.
Mittellinie der DIN-Schiene.
Línea central del riel DIN.
Linea centrale della guida DIN.
linha de centro do trilho DIN.

100.00 mm
(3.937 in.)

4.6 mm
(0.181 in.)
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Rockwell Automation Support
Rockwell Automation provides technical information on the Web to assist you in using its 
Publication 1763-IN001B-EN-P - September 2007 PN 40071-185-01(4)
Supersedes Publication 1763-IN001A-EN-P - May 2005 Copyright © 2007 Rockwell Automation, Inc. All rights reserved. Printed in Singapore.

products. At http://support.rockwellautomation.com, you can find technical manuals, a 
knowledge base of FAQs, technical and application notes, sample code and links to software 
service packs, and a MySupport feature that you can customize to make the best use of 
these tools.

For an additional level of technical phone support for installation, configuration and 
troubleshooting, we offer TechConnect support programs. For more information, contact your 
local distributor or Rockwell Automation representative, or visit 
http://support.rockwellautomation.com.

Installation Assistance

If you experience a problem with a hardware module within the first 24 hours of installation, 
please review the information that's contained in this manual. You can also contact a special 
Customer Support number for initial help in getting your module up and running:

New Product Satisfaction Return

Rockwell Automation tests all of its products to ensure that they are fully operational when 
shipped from the manufacturing facility. However, if your product is not functioning and 
needs to be returned, follow these procedures.

Allen-Bradley, Rockwell Automation, MicroLogix, and TechConnect are trademarks of Rockwell Automation, Inc.

Trademarks not belonging to Rockwell Automation are property of their respective companies.

United States 1.440.646.3434 Monday – Friday, 8am – 5pm EST

Outside United States Please contact your local Rockwell Automation representative for any technical 
support issues.

United States Contact your distributor. You must provide a Customer Support case number (see 
phone number above to obtain one) to your distributor in order to complete the return 
process.

Outside United States Please contact your local Rockwell Automation representative for return procedure.

http://support.rockwellautomation.com
http://support.rockwellautomation.com
http://support.rockwellautomation.com


Product Information

2711P and 2711PC PanelView Plus Terminals

Important User Information
Solid-state equipment has operational characteristics that differ from electromechanical equipment. Safety Guidelines for the Application, Installation, and Maintenance of 
Solid State Controls, publication SGI-1.1, available from your local Rockwell Automation sales office or online at http://www.rockwellautomation.com/literature, describes 
important differences between solid-state equipment and hard-wired electromechanical devices. Because of these differences and the wide variety of uses for solid-state 
equipment, all persons responsible for applying this equipment must satisfy themselves that each intended application of this equipment is acceptable.
In no event will Rockwell Automation, Inc. be responsible or liable for indirect or consequential damages resulting from the use or application of this equipment.
This document uses these symbols to make you aware of safety considerations.

Additional Resources

Product Ratings

Wiring Specifications
Power Wiring

IMPORTANT This document contains important information related to agency certifications for the PanelView Plus terminals. The product is marked with all agency 
approvals and certifications.
This document is not intended for installing, configuring, or operating these products. Do not install these products until you have first read this 
document and the appropriate documents under Additional Resources. For product information, use these resources:

• To view or download product publications, go to http://www.rockwellautomation.com/literature and search documents under Operator Interface.
• To order paper copies of technical documentation, contact your local Rockwell Automation distributor or sales representative.
• For declarations of conformity, certificates, and other certification details, visit the Product Certifications page at http://www.ab.com. 

WARNING: Identifies information about practices or circumstances 
that can cause an explosion in a hazardous environment, which may 
lead to personal injury or death, property damage, or economic loss.

ATTENTION: Identifies information about practices or circumstances 
that can lead to personal injury or death, property damage, or 
economic loss. Attention statements help you identify a hazard, avoid 
a hazard, and recognize the consequences.

Resource

PanelView Plus 700 to 1500 Terminals User Manual, publication 2711P-UM006 supports FactoryTalk View Machine Edition software, version 6.0 or later
Cat. Nos. 2711P-xxxx8, 2711P-xxxx9

PanelView Plus 700 to 1500 Terminals Installation Instructions, publication 2711P-IN029 supports FactoryTalk View Machine Edition software, version 6.0 or later
Cat. Nos. 2711P-xxxx8, 2711P-xxxx9, 2711P-RP8x, 2711P-RP9x, 2711P-RDxx

PanelView Plus Terminals User Manual, publication 2711P-UM001 supports FactoryTalk View Machine Edition software, version 5.1 or earlier
Cat. Nos. 2711P-x4xxx, 2711P-x6xxx, 2711P-xxxx1, 2711P-xxxx2, 2711P-xxxx6, 2711P-xxxx7

PanelView Plus Compact Terminals User Manual, publication 2711PC-UM001 supports FactoryTalk View Machine Edition software, version 5.1 or later
Cat. Nos. 2711PC-x4xxx, 2711PC-x6xxx, 2711PC-x10xxx

PanelView Plus 700 to 1500, PanelView Plus Compact 1000 Terminals and Display Modules Installation Instructions, publication 2711P-IN001 FactoryTalk View Machine 
Edition software, version 5.1 or earlier - Cat. Nos. 2711P-xxxx1, 2711P-xxxx2, 2711P-xxxx6, 2711P-xxxx7, 2711PC-x10xxx

PanelView Plus and PanelView Plus Compact 400 and 600 Installation Instructions, publication 2711P-IN002 supports FactoryTalk View Machine Edition software, version 
5.1 or earlier - Cat. Nos. 2711P-x4xxx, 2711P-x6xxx, 2711PC-x4xxx, 2711PC-x6xxx

Wiring and Grounding Guidelines for PanelView Plus Terminals Technical Data, publication 2711P-TD001

Industrial Automation Wiring and Grounding Guidelines, publication 1770-4.1

Attribute Value

Temperature, operating 0…55 °C (32…131 °F)

Enclosure rating NEMA Type 12, 13, 4X (indoor only) and IEC IP54, IP65 only when terminal is mounted in an enclosure with equivalent rating

Mounting torque 700 to 1500 panel installation 0.09…1.1 N•m (8…10 lb•in)

Terminal Input Voltage(1)

(1) See label on product for power or current requirements.

Wire Type Dual-wire Size(3)

Min…Max

(3) Two wire maximum per terminal.

Single-wire Size
Min…Max Terminal Screw Torque

400 and 600 85…264V AC 18…30V DC

Cu 90 °C (194 °F) (2) 
stranded or solid

(2) Minimum required insulation temperature rating.

0.3…1.3 mm²
22…16 AWG

0.3… 2.1 mm²
22…14 AWG

AC/DC: 0.45…0.56 N•m (4…5 lb•in)
DC: 0.45…0.56 N•m (4…5 lb•in)

700 to 1500, 3-terminal 85…264V AC 18…32V DC AC: 0.56 N•m (5 lb•in)
DC: 0.23…0.34 N•m (2…3 lb•in)

700 to 1500, 2-terminal – 18…32V DC DC: 0.56 N•m (5 lb•in)

http://literature.rockwellautomation.com
http://www.ab.com/
http://literature.rockwellautomation.com/idc/groups/literature/documents/in/sgi-in001_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/in/2711p-in029_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/um/2711p-um001_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/um/2711pc-um001_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/in/2711p-in001_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/in/2711p-in002_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/td/2711p-td001_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/in/1770-in041_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/in/sgi-in001_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/in/sgi-in001_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/um/2711p-um006_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/um/2711p-um006_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/in/2711p-in029_-en-p.pdf


2     2711P and 2711PC PanelView Plus Terminals
Protective Earth/Functional Earth Wiring

North American Hazardous Location Approval

Environment and Enclosure Information

Terminal Input Voltage Protective Earth Functional Earth Wire Type Wire Size Terminal Screw Torque

400 and 600

85…264V AC

–

Cu 90 °C (194 °F)(3) 
stranded or solid

(3) Minimum required insulation temperature rating.

2.1…3.3 mm²
14…12 AWG

0.45…0.56 N•m (4…5 lb•in)

700 to 1500 (1) (2)

(1) 700 to 1500 terminals with an AC power input, require to connect both the protective earth and functional earth to ground. 
(2) The functional earth connection is on the back of the display.

– 0.56 N•m (5 lb•in)

 GND 2.1…5.3 mm²
14…10 AWG

1.13…1.36 N•m (10…12 lb•in)

400 to 600 18…30V DC –  
Cu 90 °C (194 °F) (3)

stranded or solid

2.1…3.3 mm²
14…12 AWG

0.45…0.56 N•m (4…5 lb•in)

700 to 1500 (2)
18…32V DC –  GND 2.1…5.3 mm²

14…10 AWG
1.13…1.36 N•m (10…12 lb•in)

The following information applies when operating this equipment in 
hazardous locations.

Les informations suivantes s'appliquent pour les équipements utilisés dans 
des environnements dangereux.

When marked, these products are suitable for use in Class I, Division 2, Groups A, B, 
C, D; Class I, Zone 2, Group IIC, Class II, Division II, Groups F, G; Class III hazardous 
locations and nonhazardous locations only. Each product is supplied with markings on 
the rating nameplate indicating the hazardous location temperature code. When 
combining products within a system, the most adverse temperature code (lowest "T" 
number) may be used to help determine the overall temperature code of the system. 
Combinations of equipment in your system are subject to investigation by the local 
Authority Having Jurisdiction at the time of installation.

Les produits marqués "CL I, DIV 2, GP A, B, C, D" ne conviennent qu'à une utilisation 
en environnements de Classe I Division 2 Groupes A, B, C, D dangereux et non 
dangereux. Chaque produit est livré avec des marquages sur sa plaque 
d'identification qui indiquent le code de température pour les environnements 
dangereux. Lorsque plusieurs produits sont combinés dans un système, le code de 
température le plus défavorable (code de température le plus faible) peut être 
utilisé pour déterminer le code de température global du système. Les 
combinaisons d'équipements dans le système sont sujettes à inspection par les 
autorités locales qualifiées au moment de l'installation.

WARNING: EXPLOSION HAZARD
• Do not disconnect equipment unless power has been removed or the area 

is known to be nonhazardous. 
• Do not disconnect connections to this equipment unless power has been 

removed or the area is known to be nonhazardous. 
• Substitution of components may impair suitability for Class I, Division 2.
• Peripheral equipment must be suitable for the location in which it is used.
• The battery or real-time clock module in this product must only be 

changed in an area known to be nonhazardous.
• All wiring must be in accordance with Class I, Division 2, Class II, Division 

2, or Class III, Division 2 wiring methods of Articles 501, 502 or 503, as 
appropriate, of the National Electrical Code and/or in accordance with 
Section 18-1J2 of the Canadian Electrical Code, and in accordance with 
the authority having jurisdiction.

AVERTISSEMENT : RISQUE D’EXPLOSION
• Couper le courant ou s'assurer que l'environnement est classé non 

dangereux avant de débrancher l'équipement.
• Couper le courant ou s'assurer que l'environnement est classé non 

dangereux avant de débrancher les connecteurs. 
• La substitution de composants peut rendre cet équipement inadapté à 

une utilisation en environnement de Classe I, Division 2
• Les équipements périphériques doivent s'adapter à l'environnement 

dans lequel ils sont utilisés.
• La batterie ou le module de l'horloge en temps réel de ce produit doit 

être changé(e) uniquement dans un environnement classé sans risque.
• Tous les systèmes de câblage doivent être de Classe I, Division 2, 

Classe II, Division 2, ou Classe III, Division 2, conformément aux 
méthodes de câblage indiquées dans les Articles 501, 502 ou 503 du 
National Electrical Code (Code Electrique National) et/ou 
conformément à la Section 18-1J2 du Canadian Electrical Code (Code 
Electrique Canadien), et en fonction de l'autorité de jurisdiction.

ATTENTION: 
This equipment is intended for use in a Pollution Degree 2 industrial environment, in overvoltage Category II applications (as defined in IEC 60664-1), at 
altitudes up to 2000 m (6561 ft) without derating.
The terminals are intended for use with programmable logic controllers. Terminals that are AC powered must be connected to the secondary of an 
isolating transformer. Terminals that are DC Class 2 powered may be supplied from an isolated DC source when used with the indicated fuse kit.

This equipment is considered Group 1, Class A industrial equipment according to IEC CISPR 11. Without appropriate precautions, there may be difficulties 
ensuring electromagnetic compatibility in residential and other environments due to conducted or radiated disturbances.

This equipment is supplied as open-type equipment. It must be mounted within an enclosure that is suitably designed for those specific environmental 
conditions that will be present and appropriately designed to prevent personal injury resulting from accessibility to live parts. The interior of the enclosure 
must be accessible only by the use of a tool. The terminals meet specified NEMA Type and IEC ratings only when mounted in a panel or enclosure with 
the equivalent rating. Subsequent sections of this publication may contain additional information regarding specific enclosure type ratings that are 
required to comply with certain product safety certifications.
In addition to this publication, see:

• Industrial Automation Wiring and Grounding Guidelines, publication 1770-4.1, for additional installation requirements.
• NEMA Standards 250 and IEC 60529, as applicable, for explanations of the degrees of protection provided by different types of enclosure.
Rockwell Automation Publication 2711P-PC001B-EN-P - August 2010
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2711P and 2711PC PanelView Plus Terminals     3
USB Ports

The PanelView Plus terminals contain universal serial bus (USB) ports that comply with hazardous location requirements. The PanelView Plus 700 to 1500 terminals have two 
USB host ports; the PanelView Plus 400 and 600 terminals have one USB host port. Field-wiring compliance requirements are provided in compliance with the National Electric 
Code, Article 500.

Figure 1 - PanelView Plus Terminals Control Drawing - Associated Nonincendive Field-wiring Apparatus

Selected nonincendive field wiring apparatus must have nonincendive circuit parameters conforming with Table 2.

Application Information

The circuit parameters of the PanelView Plus 700 to 1500 USB port are given in Table 1. The USB peripheral device and its associated cabling shall have circuit parameters with 
the limits given in Table 2 for them to remain nonincendive when used with the PanelView Plus 700 to 1500 USB port. If cable capacitance and inductance are not known, the 
following values from ANSI/ISA-RP 12.06.01-2003 may be used:

Ccable = 197 pF/m (60 pF/ft)
Lcable = 0.7 µH/m (0.20 µH/ft)

Nonincendive field wiring must be wired and separated in accordance with 501.10(B)(3) of the National Electrical Code (NEC) ANSI/NFPA 70 or other local codes as applicable. 
This associated nonincendive field-wiring apparatus has not been evaluated for use in combination with another associated nonincendive field-wiring apparatus.

Table 1 - PanelView Plus USB Port Circuit Parameters

PanelView Plus Terminal Type Voc Isc
Ca La

Groups A and B Groups C and D Groups A and B Groups C and D

PanelView Plus 400 and 600, Series A and B 5.25V DC 1.68 A 10 µF 10 µF 15 µH 15 µH

PanelView Plus 400 and 600, Series C or later 5.25V DC 1.68 A 10 µF 10 µF 3.5 µH 15 µH

PanelView Plus 700 to 1500 5.25V DC 1.68 A 10 µF 10 µF 15 µH 15 µH

Table 2 - Required Circuit Parameters for the USB Peripheral Device

Vmax ≥  Voc Ci +  Ccable ≤   Ca

Imax ≥ Isc Li +  Lcable ≤ La

Table 3 - Symbol Definitions

Voc Open circuit voltage of the host USB port.

Isc Maximum output current of the host USB port.

Vmax Maximum applied voltage rating of the USB peripheral device. Vmax shall be greater than or equal to Voc  in Table 1 (Vmax  ≥ Voc ).

Imax Maximum current to which the USB peripheral device can be subjected. Imax shall be greater than or equal to Isc  in Table 1 (Imax  ≥  Isc).

Ci Maximum internal capacitance of the USB peripheral device.

Ca Maximum allowed capacitance of the USB peripheral device and its associated cable. The sum of Ci  of the USB peripheral device and Ccable of  the 
associated cable shall be less than or equal to Ca   (Ci + Ccable  ≤  Ca). 

Li Maximum internal inductance of the USB peripheral device.

La Maximum allowed inductance of the USB peripheral device and its associated cable. The sum of Li  of the USB peripheral device and Lcable  of the 
associated cable shall be less than or equal to La   (Li + Lcable  ≤  La).

Nonincendive 
Field-wiring Apparatus

Nonincendive Field-wiring
USB Port

PanelView Plus 400 and 600 Host PanelView Plus 700 to 1500 Host

USB Ports

USB Peripheral
Device

Nonincendive 
Field-wiring Apparatus

USB Peripheral
DeviceNonincendive Field-wiring
Rockwell Automation Publication 2711P-PC001B-EN-P - August 2010



Battery Removal

PanelView Plus 700 to 1500 Terminals

Follow these steps to remove the battery from the 700 to 1500 terminals during or at the end of product life. 

1. Disconnect power from the terminal.

2. Detach the communication module, if attached, from the logic module by removing the four screws.

3. Loosen the captive screws that attach the logic module to the display module.

4. Carefully lift the logic module away from the terminal and flip over to expose the circuit board.

5. Remove the battery by lifting up the side of the battery.

6. Insert the replacement battery, catalog number 2711P-RY2302.

7. Attach the logic module by aligning the two connectors on the bottom of the module with the connectors on the terminal.

8. Push down to firmly seat the logic module, then tighten the captive screws to a torque of 0.58 N•m (5…7 lb•in).

9. Attach the communication module (if used) and tighten the four screws to a torque of 0.58 N•m (5…7 lb•in).

PanelView Plus 400 and 600 Terminals

Follow these steps to remove the permanently connected battery from the 400 and 600 terminals at the end of product life. 

1. Disconnect power from the terminal.

2. Detach the communication module, if attached, from the logic module by removing the three screws.

3. Unlatch the eight retaining tabs (two on each side) on the back cover and remove cover.

4. Locate the yellow battery on the logic board.

5. Remove the battery.

This product contains a sealed lithium battery. For the 700 to 1500 terminals, you may need to replace the battery during the life of the 
product. For the 400 and 600 terminals, the battery is permanently connected and should be removed only by trained professionals at the end of product life. At 
the end of its life, the battery in these products should be collected separately from any unsorted municipal waste. The collection and recycling of batteries helps 
protect the environment and contributes to the conservation of natural resources as valuable materials are recovered.

WARNING: There is a danger of explosion if the lithium battery or real-time clock module in these products is incorrectly replaced. Replace the battery only 
with the indicated type. Do not replace the battery or real-time clock module unless power has been removed and the area is known to be nonhazardous.
Do not dispose of the lithium battery or real-time clock module in a fire or incinerator. Dispose of the battery in accordance with local disposal regulations. 
For safety information on handling lithium batteries, including handling and disposal of leaking batteries, see Guidelines for Handling Lithium Batteries, 
publication AG-5.4. 
Allen-Bradley, PanelView Plus, Rockwell Software, and Rockwell Automation are trademarks of Rockwell Automation, Inc.

Trademarks not belonging to Rockwell Automation are property of their respective companies.

Rockwell Otomasyon Ticaret A.Ş., Kar Plaza İş Merkezi E Blok Kat:6 34752 İçerenköy, İstanbul, Tel: +90 (216) 5698400

Publication 2711P-PC001B-EN-P - August 2010 PN-77640
Supersedes Publication 2711P-PC001A-EN-P - June 2009 Copyright © 2010 Rockwell Automation, Inc. All rights reserved. Printed in the U.S.A.

http://literature.rockwellautomation.com/idc/groups/literature/documents/td/ag-td054_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/td/ag-td054_-en-p.pdf
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Barksdale
Installation And Maintenance Instructions

HEAT TRACING TEMPERATURE SWITCH
FOR ORDINARY AREAS

Model TPR Series
Remote sensing bulb and capillary type

Description
This short remote bulb and capillary type is used to
sense the ambient media temperature for freeze
protection applications.

Caution: Do not use this switch for hazardous
environments. Sensing bulb and probe
must not exceed specified proof
temperatures.

Installation

Caution: This switch should be installed by a
trained service person.

Switch
Mounting: Switch may be mounted in any position.

Sensors: For heat tracing, install bulb toward the
bottom of pipe or vessel, away from heat
sinks and approximately 900 from the
heat tracing cable. Always secure both
bulb and capillary and wrap with proper
insulating tape.

Wiring

For ambient sensing, orient the probe for
optimal ambient temperature sensing,
away from heat sources or heat sinks.

Type NEMA4X.
Enclosure temperature limits:
-30 °F to 140 °F (-34 °C to 60 °C).

All electrical wiring must comply with local and
national electrical codes.

Caution: Electrical rating must be within range
stated on switch nameplate. Failure to
stay within rating may result in damage
to, or failure of electrical contacts.

Electrical Rating: 22A at 125, 250, 480 VAC.

Electrical
Connection: Two #14 AWG wires 12 inches long.

TPR-L1 N-3X-Q1 0

J I ‘lnse “QlO” for HEAT TRACING
TEMPERATURE SWITCH

Insert “X” for NEMA 4X
ENCLOSURE

CAPILLARY LENGTH:
Insert “3” for 3 feet capillary
length.

SENSOR MATERIAL:
Insert “N” for tin plated copper.

TEMPERATURE RANGE (See back)

lnsert”L”forLIMITSWITCF-I CLASS

SENSOR MOUNT TYPE:
Insert “R” for remote bulb and
capillary ‘

Testing of the Switch

Testing of the switch may be done before or after
final installation. If bench tested, the switch should
be re-tested when installed in the final application.
Be sure switch can be tested without affecting other
equipment. Check nameplates for electrical rating
and circuitry (normally closed or normally open) of
switch. Cycle switch a few times to check operation.

Set-Point Adjustment

Switch is factory set. Set-point is not user-adjustable.
Switch contacts close at 40°±4°F on decreasing
temperature set-point.

Agency Approvals

Underwriters Laboratories, Inc.
Temperature Indicating and Regulating
Equipment File No. E56247, Guide No. XAPX.

Canadian Standards Association listed for
Temperature Indicating and Regulating

‘‘ Equipment File No. LR34555,
Guide No. 400-E-O, Class 4813.

Switch Number Coding

Enclosure:

Barksdale, nc, 3211 FruWand Avenue, Los Angeles, CA 90058-0843, (323)589-6181 wv.barksdale.com Bulletin No. 27223-G 07-20-07 1 of 3



Troubleshooting For service or ordering information

Warning: Disconnect electrical power supply to
switch before removal or inspection.
Failure to observe this warning could

result in serious injury or switch damage.

Important: The switch is not field-repairable. In
case of damage, replace entire switch.

Causes of improper operation:

1. Incorrect electrical connection: check leads to

switch. Be sure they are properly connected.

See “Wiring” section for circuitry color code.

2. Faulty control circuit: check electrical power

supply to switch. Check for loose or blown

fuses, open-circuited or grounded wires, loose

connections at switch.

3. Excessive vibration: check for temperature
fluctuations in system. Check switch mounting

and be sure there is no excessive vibration.

If the operation of the switch cannot be corrected by

the above means, consult factory or authorized

factory representative.

Consult factory or authorized factory representative.

Specify full catalog number (with any optional

modifications or factory set-point) as show on part

number code.

Warranty

All products of the company are sold and all services

are offered subject to the company’s standard

conditions of sale.

TEMPERATURE RANGE

[INSERT INI FIXED SET POINT
BULB SENSOR EXPOSUREI

PART NO. LIMITS (PROOF)

1 40 “F (4.4 “C) DECREASING -40 TO 160 “F (-40 TO

DIMENSIONS IN BOXES
ARE IN MILLIMETERS

6.0

114 DIA. MOUNTING
HOLE, 2 PLACES

J1 1 1/8 DIA. HOLE
FOR 3/4 NPT
CONDUIT HUB
(4X RATED)

---
3/16

5
2 PL

Bulletin No. 27223 Rev.G 07-20-07 2 of 3



Installation Instructions

Installing the Thermostat 1. Verify that the thermostat is suitable for the area where it is to be
installed.

2. Check the Tine voltage and the heat-tracing load to ensure that the

ndu 3. Mount the unit in a position that prevents condensation from draining
thermostat ratings are not exceeded.

dan

into the enclosure from the connecting conduit, (see diagram at left).

Positioning (Ambient) 4. Mount ambient-sensing units in the area exposed to the coldest
temperature and most wind. DO not mount on the side of a warm
building or in a location that is exposed to warm air currents or direct
sunlight.

Positioning the Sensor Bulb (Line Sensing)

0 Sngletroced 5. Position the bulb in the lower quadrant of the pipe as shown in the

(
t]’

Heattngcoble diagrams to the left. Place the bulb at least three feet from pipe
Control thermostat bulb
Tape supports, valves, or other heat sinks; protect the capillary from kinks

or bends less than 1/2 inch in radius.

Q Doubletraced
6. Tape the bulb firmly to the pipe with aluminum tape, making sure

there is no air space between the bulb and pipe. Do not overlap the
— lleatrng cable

bulb and heating cable with the same piece of tape.( Control Thermostat bulb
Tape

Wiring

GFEPD

Heating
Coble

Control
thermostat

Thermostat bulb
(see ‘Positionhg’
instructions above
mounting details)

Figure 1. Heat-tracing control Figure 2. Contactor control
For switching heat-tracing loads greater than 22 A
or switching multiple heat-tracing circuits.

important: All information, including illustrations, is believed to be reliable. Users, however, should independently evaluate the suitability of each
product for their particular application.

0 0 208-V or 240-V supply
G or

GFEPO

120-V supply ... 120-Vs cable or

Power
connection

240-V
coil

Thermostat blAb
(see Positioning’
instructions above
mounting details)
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Preface 
This manual explains how to use the EchoSpan, LU81, LU83 and LU84 series transmitter. 
 
Warranty, Service & Repair 
To register your product with the manufacturer, go to the Flowline website for on-line registration.  The website 
address is as follows: 
 

www.flowline.com 
 
On-line Warranty Registration can be found on the Flowline home page.  
 
If for some reason your product must be returned for factory service, go to the Flowline website to receive a 
Material Return Authorization number (MRA), providing the following information: 
 

1. Full Part Number, Full Serial Number 
2. Name and telephone number of someone who can answer technical questions related to the product 

and its application.   
3. Return Shipping Address 
4. Brief Description of the Symptom 
5. Brief Description of the Application 

 
On-line Material Return Authorization can be found under Support in the Navigation Bar along the side of the 
home page.  Click on Return Authorization to begin the MRA request.  Once you have received a MRA 
number, ship the product prepaid in its original packing to: 
 

Flowline Factory Service 
MRA_____ 
10500 Humbolt Street 
Los Alamitos, CA 90720 

 
To avoid delays in processing your repair, write the MRA on the shipping label.  Please include the information 
about the malfunction with your product.  This information enables our service technicians to process your 
repair order as quickly as possible. 
  

http://www.flowline.com/
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Warranty 
Flowline warrants to the original purchaser of its products that such products will be free from defects in 
material and workmanship under normal use and service in accordance with instructions furnished by Flowline 
for a period, which is equal to the shorter of one year from the date of purchase of such products or two years 
from the date of manufacture of such products. Flowline's obligation under this warranty is solely and 
exclusively limited to the repair or replacement, at Flowline's option, of the products or components, which 
Flowline's examination determines to its satisfaction to be defective in material or workmanship within the 
warranty period. Flowline must be notified pursuant to the instructions below of any claim under this warranty 
within thirty (30) days of any claimed lack of conformity of the product. Any product repaired or replaced 
under this warranty will be warranted only for the remainder of the original warranty period.  
 
Returns 
Products cannot be returned to Flowline without Flowline's prior authorization. To return a product that is 
thought to be defective, go to www.flowline.com, and submit a customer return (MRA) request form and follow 
the instructions therein. All warranty and non-warranty product returns to Flowline must be shipped prepaid and 
insured. Flowline will not be responsible for any products lost or damaged in shipment. 
 
Limitations 
This warranty does not apply to products which: 1) are beyond the warranty period or are products for which 
the original purchaser does not follow the warranty procedures outlined above; 2) have been subjected to 
electrical, mechanical or chemical damage due to improper, accidental or negligent use; 3) have been modified 
or altered;  4) anyone other than service personnel authorized by Flowline have attempted to repair; 5) have 
been involved in accidents or natural disasters; or 6) are damaged during return shipment to Flowline. Flowline 
reserves the right to unilaterally waive this warranty and dispose of any product returned to Flowline where: 1) 
there is evidence of a potentially hazardous material present with the product; or 2) the product has remained 
unclaimed at Flowline for more than 30 days after Flowline has dutifully requested disposition. This warranty 
contains the sole express warranty made by Flowline in connection with its products. ALL IMPLIED 
WARRANTIES, INCLUDING WITHOUT LIMITATION, THE WARRANTIES OF MERCHANTABILITY 
AND FITNESS FOR A PARTICULAR PURPOSE, ARE EXPRESSLY DISCLAIMED. The remedies of 
repair or replacement as stated above are the exclusive remedies for the breach of this warranty. IN NO EVENT 
SHALL FLOWLINE BE LIABLE FOR ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES OF ANY 
KIND INCLUDING PERSONAL OR REAL PROPERTY OR FOR INJURY TO ANY PERSON. THIS 
WARRANTY CONSTITUTES THE FINAL, COMPLETE AND EXCLUSIVE STATEMENT OF 
WARRANTY TERMS AND NO PERSON IS AUTHORIZED TO MAKE ANY OTHER WARRANTIES OR 
REPRESENTATIONS ON BEHALF OF FLOWLINE. This warranty will be interpreted pursuant to the laws 
of the State of California. If any portion of this warranty is held to be invalid or unenforceable for any reason, 
such finding will not invalidate any other provision of this warranty. 
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Introduction: 
The EchoSpan is a general-purpose ultrasonic level transmitter that provides a loop powered 4-20 mA output.  
The 4-20 mA output can be used to provide the proportional level of liquid in any tank or vessel.  The signal 
can be connected to any device that accepts a loop powered 4-20 mA signal, such as a PLC, SCADA, DCS, 
display, controller, etc. 
  
New Features 

 Simple configuration with push button configuration 
 Adjustable Loop Fail-Safe, Hold Last, Empty, Full, 21 mA, 22 mA 
 Easy to reverse mA output, 4-20 mA to 20-4 mA 
 Increased output filtering 
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About this Manual: 
 PLEASE READ THE ENTIRE MANUAL PRIOR TO INSTALLING OR USING THIS PRODUCT.  This 
manual includes information on the EchoSpan series Ultrasonic Level Switch from FLOWLINE. Please refer to 
the part number located on the switch label to verify the exact model configuration, which you have purchased.   
 
User’s Responsibility for Safety:   
FLOWLINE manufactures a broad range of level sensing technologies. While each of these sensors is designed 
to operate in a wide variety of applications, it is the user’s responsibility to select a sensor model that is 
appropriate for the application, install it properly, perform tests of the installed system, and maintain all 
components. The failure to do so could result in property damage or serious injury.  
 
Proper Installation and Handling:  
Only professional staff should install and/or repair this product.  Install the switch with the included Viton 
gasket and never over tighten the switch within the fitting.  Always check for leaks prior to system start-up. 
 
Wiring and Electrical:   
A supply voltage of 12 to 28 VDC is used to power the EchoSpan.  Electrical wiring of the transmitter should 
be performed in accordance with all applicable national, state, and local codes.  
 
Material Compatibility:   
The enclosure is made of Polycarbonate (PC).  The transducer is made of Polyvinylidene Fluoride (PVDF).  
Make sure that the model, which you have selected, is chemically compatible with the application media.   
 
Enclosure:  
While the switch housing is liquid-resistant the EchoSpan is not designed to be operational when immersed.  It 
should be mounted in such a way that the enclosure and transducer do not come into contact with the 
application media under normal operational conditions.   
 
The enclosure has a flip cover with dual 1/2” NPT female conduit ports and an internal terminal strip for wiring.  
To open the enclosure, you will need a small insertion tool such as a screwdriver.  Loosen the locking screw 
located at the top front of the enclosure.  Rotate the hinged cover up for 135° access to the faceplate and 
terminal strips. Before closing the enclosure, make sure that the enclosure gasket is properly seated, and that 
any conduit fittings, cable connectors or plugs are installed correctly and sealed. 
 
Handling Static-Sensitive Circuits/Devices:   
When handling the transmitter, the technician should follow these guidelines to reduce any possible electrostatic 
charge build-up on the technician’s body and the electronic part. 

1. Always touch a known good ground source before handling the part. This should be repeated while 
handling the part and more frequently after sitting down from a standing position, sliding across the seat 
or walking a distance. 

2. Avoid touching electrical terminals of the part unless making connections. 
3. DO NOT open the unit cover until it is time to calibrate. 
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Make a Fail-Safe System:   
Design a fail-safe system that accommodates the possibility of switch and/or power failure.  
FLOWLINE recommends the use of redundant backup systems and alarms in addition to the primary system.   
 
Flammable, Explosive or Hazardous Applications:   
EchoSpan should not be used within classified hazardous environments. 

 
Warning:  
Always use the Viton gasket when installing the EchoSpan, and make sure that all electrical wiring of the 
switch is in accordance with applicable codes. 
 
Components:  
EchoSpan is offered in three different models. Depending on the model purchased, you may or may not have 
been shipped all the components shown below.  You do however, need an EchoSpan and Viton® gasket to 
configure, install and operate EchoSpan. 
 
 EchoSpan  

o LU80-5101  – 9.8’ (3 m) range, Type 4X encl., 1” NPT 
o LU80-5161 – 9.8’ (3 m) range, Type 4X encl., 1” G 
o LU81-5101  – 18.0’ (5.5 m) range, Type 4X encl., 2” NPT 
o LU81-5161 – 18.0’ (5.5 m) range, Type 4X encl., 2” G 
o LU83-5101 – 26.2’ (8 m) range, Type 4X encl., 2” NPT 
o LU83-5161 – 26.2’ (8 m) range, Type 4X encl., 2” G 
o LU84-5101 – 32.8’ (10 m) range, Type 4X encl., 2” NPT 
o LU84-5161 – 32.8’ (10 m) range, Type 4X encl., 2” G 

 Viton Gasket 
o Part #220128 – for LU80 series only 
o Part #220129 – for LU81, LU83 and LU84 series 

 Quick Start Guide 
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Specifications: 

Range: LU80: 4" to 9.8' 
 (10 cm to 3m) 
 LU81: 8" to 18.0' 
 (20 cm to 5.5m) 
 LU83: 8" to 26.4' 
 (20 cm to 8m) 
 LU84: 12" to 32.8' 
 (30 cm to 10m) 
Accuracy:  ± 0.2% of range 
Resolution: LU80: 0.019” 

(0.5mm) 
 LU81/83: 0.039” 

(1mm) 
 LU84: 0.078”        

(2 mm) 
Dead band: LU80: 4” (10cm) 
 LU81\83: 8” (20 

cm) 
 LU84: 12” (30 cm) 
Beam width: LU80: 2” (5cm) 
 LU81/83/84” 3" 

(7.6 cm) dia. 
Configuration: Push button 
Memory: Non-volatile 
Display type: LCD, 6-digit 
Display units: Inch, cm, Feet, m or 

percent 

Supply voltage: 12-28 VDC 
Loop resistance: 500 Ohms @ 24 

VDC 
Signal output: 4-20 mA, two-wire 
Signal invert: 4-20 mA / 20-4 mA 
Signal fail-safe: 4mA, 20 mA, 21 

mA, 22 mA, hold 
last 

Process temp.: F: -4° to 140° 
 C: -20° to 60° 
Temp. comp.: Automatic 
Ambient temp.: F: -31° to 140° 
 C: -35° to 60° 
Pressure: MWP = 30 PSI 
Enclosure rating:  NEMA 4X (IP65) 
Encl. material: PC/ABS FR 
Encl. hardware: Brass and stainless 
Enclosure vent:  Water tight 

membrane 
Conduit entrance:  Dual, 1/2” NPT 
Trans. material: PVDF 
Process mount: LU80: 1” NPT/1” G 
 LU81/83/84: 2” 

NPT/2” G 
Mount. gasket:  Viton® 
Classification:  General purpose 
Compliance: CE, RoHS

 
 
Dimensions: 

Side View / LU80 Series 
 

Side View / LU81, LU83 and LU84 Series 
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Wiring to Display, Controllers & PLC’s 
Below is a quick review of wiring the EchoSpan to common display, controllers and PLC’s. 
 

DataView LI55 Series 

Level Controller 

Commander LI90 Series 

Multi-Tank Level Controller 

 

 
 
 
 

 

 
 
 
 

DataLoop LI25 Series 

Level Indicator 

without the backlight 

DataLoopLI25 Series 

Level Indicator 

with the backlight 

 

 
 

 

 
 

  



 

31 MAR 11 EchoSpan 9 of 22 
Rev B MN301550 

Wiring to Display, Controllers & PLC’s (continued) 
 

DataPoint LC52 Series 

Level Controller 

JWA mode (Factory Setting) 

DataPoint LC52 Series 

Level Controller 

JWB mode 

 

 
 
 

 

 
 
 
 

Generic Loop  

Powered Display 

Generic PLC 
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General notes for electrical connections, usage and safety: 
 Where personal safety or significant property damage can occur due to a spill, the installation 

must have a redundant backup safety system installed. 
 Wiring should always be completed by a licensed electrician. 
 Supply voltage should never exceed 28 VDC. 
 The sensor materials must be Chemically compatible with the liquids to be measured. 
 Design a fail-safe system for possible sensor and/or power failure. 
 Never use the sensor in environments classified as Hazardous. 

 
Voltage Output 
EchoSpan can be used as a 0 to 5 or 0 to 10 VDC output device.  A resistor will need to be added to 
the circuit to enable a voltage output (refer to the wiring diagram below).  

 0-5 VDC output 
o Add a 250 Ohm resistor 
o Actual output will be 0.8 to 5 VDC 

 0-10 VDC output 
o Add a 500 Ohm resistor 
o Actual output will be 2 to 10 VDC 

 

 

Getting Started: 
EchoSpan can be configured before installation.  The switch features non-volatile memory, so the set 
points configured before installation will not be lost when the switch is powered down.  To start, all 
you need is the following information: 
 Basic Tank Information: 

o HEIGHT – Distance from the transducer face to 
the bottom of the tank. 

o FILL-H – Maximum fill height of the liquid from 
the bottom of the tank. 

o These values will all be in the same distance 
value (inches, centimeters, feet or meters) and 
will all be measured from the bottom of the tank. 

 Power:  
o Provide 12 to 28 VDC input power to the 

EchoSpan. 
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Feature Guide: 
 

FEATURE  ACCESS BY 
Easy to use MENU Press and hold SELECT key until MENU is displayed 

approximately 5 seconds.  The MENU items will rotate 
through display, press SELECT to change an item. 

Many UNITS of 
measurement. 

In the MENU mode, press SELECT when UNITS is 
display, then select INCHES, CM (centimeter), FEET, 
METERS or PERCENT. 

No cumbersome measure 
required.  Set point 
distances are relative to the 
tank bottom. 

In MENU mode, select the TANK item and set the 
HEIGHT of the tank from the transducer face to the bottom 
of the tank.  Set the Fill Height (FILL-H) to the maximum 
fill height of the liquid from the bottom of the tank.  Now 
all of the set points are from the bottom of the tank up. 

Optional Target Calibration Use this feature if the tank is at the empty or full setting.  
This will accept the current level as either empty (TG CAL 

EMPTY) of full (TG CAL FULL).  
Fail-Safety Use the SAFE function to preset the output to either Empty 

(4 mA), Full (20 mA, 21 mA or 22 mA) or Hold Last Value 
in case the transmitter looses its signal (LOST). 

Getting around: 
EchoSpan is configured by the use of three push buttons (UP, DOWN and SELECT) and a LCD 
display.  As a lockout feature, the buttons are inactive until the SELECT button is held down for 5 
seconds, and then the display will begin to scroll through the top level of the configuration menu. 
 
Steps for Basic Configuration: 

1. Select and Set the units of operation in the UNITS menu. 
2. Configure the Sensor Height and Fill-H under the TANK menu. 
3. Set the SAFE vaule. 

 
Top Level 
 The Configuration menu will continue to scroll through the items below until the SELECT 

button is pressed.   
 UNITS – TANK – SAFE – TG CAL – VALUES - HELP – RUN. 
 To return to the Operational mode of EchoSpan, press SELECT while RUN appears in the 

display. 
 UNITS – Allows end user to select the units for configuration and operation.  Select between 

Inches, Centimeters, Feet, Meters or Percent.  Press EXIT to return to the Top Level menu. 
 TANK – Allows the end user to configure the operational range for the switch.   

o HEIGHT – Distance from the transducer face to the bottom of the tank. 
o FILL-H – Maximum fill height of the liquid from the bottom of the tank. 
o REV MA – Allows the transmitter to reverse the current output such that 4 mA is at FULL 

and 20 mA is at EMPTY. 
o Press Exit to return to the Top level Menu. 
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o Note: if UNITS is set to Percent, then TANK will not appear.  To view TANK, set UNITS 
to any of the following: Inches, Centimeters, Feet or Meters. 

 SAFE – The fail-safe for the EchoSpan can be preset to the customer’s requirement. 
o 22 mA – Overfill fail-safe setting. 
o 21 mA – Overfill fail-safe setting. 
o 20 mA – Full fail-safe setting. 
o 4 mA – Empty fail-safe setting. 
o HOLD – Keeps the output at its last current reading when fail-safe condition occurs. 

 TG CAL – Target Calibration (allows for the sensor to accept the current level as either EMPTY 
or FULL. 

 VALUES – Provides setup information, the ability to reset the EchoSpan and a simulation mode 
to test the relay function. 

o SETUP – Will display the setting for all functions of EchoSpan. 
o DIAG – This is a production test feature used by the factory to confirm operation.  This 

mode should only be used when supervised by a Flowline representative. 
o RESET – Will reset the EchoSpan back to its original factory setting. 

 HELP – Provides information for contacting Flowline no-line. 
 RUN – Returns the unit to normal measurement and control mode. 
 
How to enter the MENU: 

1. Press and hold SELECT key (approximately 5 seconds) until MENU is displayed. 
2. The menu items will rotate through display. 
3. Press SELECT to change an item. 

 

 
 
 
How to configure UNITS: 

1. In the MENU mode, press select when UNITS is 
display. 

2. Press SELECT to choose between INCHES, CM 
(centimeter), FEET, METERS or PERCENT. 

3. Select EXIT to return to the Top Level Menu. 
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Note:  Reading the level of liquid in Percent: 

 Flowline recommends that when selecting PERCENT, configure the HEIGHT and FILL-H 
settings before selecting PERCENT in order to span the EchoSpan for your application 
requirements. 

 When in PERCENT, the operational span will be based upon the last TANK settings, typically 
 the factory settings for HEIGHT and FILL-H. 
   

EchoSpan HEIGHT FILL-H 

LU80 Series 118.1” (300 cm) 114.1” (290 cm) 
LU81 Series 216.5” (550 cm) 208.5” (530 cm) 
LU83 Series 314.9” (800 cm) 307.1” (780 cm) 
LU84 Series 393.7” (1000 cm) 381.9” (970 cm) 

 
 When PERCENT is selected, the TANK settings (HEIGHT and FILL-H) will be disabled.  

DISPLAY - AIR Mode vs. LIQUID Mode: 
 

 

The display can be made to display either the height of liquid 
in the tank (LIQUID mode) or the amount of air in the tank 
(AIR mode).  
 
AIR mode – Will display the distance from the bottom of the 
sensor to the surface of the liquid. 
 
LIQUID mode – Will display the height of liquid measured 
from the bottom of the tank. 
 

 
 
How to change the display mode: 

1. In the MENU mode, press select when UNITS is 
display. 

2. Press SELECT when DISPLAY appears. 
3. Press SELECT to choose between AIR or LIQUID. 
4. When EXIT appears, press SELECT return to Top 

Level Menu. 
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How to configure the Operational range of EchoSpan: 
 

 

No cumbersome measurement is required via Target 
Calibration to establish set points.  Set point distances are 
relative to the tank bottom. 

1. In MENU mode, select the TANK item. 
2. When HEIGHT appears, press SELECT. 
3. Using the UP and DOWN buttons, set the HEIGHT of 

the tank from the transducer face to the bottom of the 
tank. 

4. To enter the value, press and hold SELECT 
(Approximately 2 seconds) until SAVED is displayed. 

5. When FILL-H appears, press SELECT. 
6. Using the UP and DOWN buttons, set the Fill Height 

(FILL-H) to the maximum fill height of the liquid from 
the bottom of the tank.   

7. Press and hold SELECT (2 seconds) to enter the value. 
8. When EXIT appears, press SELECT return to Top Level 

Menu. 
 

 

  
 

Sensor Height 
 

Fill-Height 
 

 
Note:  
 Flowline recommends that when selecting PERCENT, configure the Height and Fill-H 

settings before selecting PERCENT in order to span the EchoSpan for your application 
requirements.  

 When PERCENT is selected, the TANK settings (Height and Fill-H) will be disabled.   
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How to set a Reverse the Current Output: 

 
 

The default for EchoSpan is to have 4 mA at Empty and 20 
mA at Full.  This is the normal (NORM) setting.  The output 
can be reversed (REV) with 20 mA at Empty and 4 mA at 
Full.   
 

 
 

1. In MENU mode, select the TANK item. 
2. When REV MA appears, press SELECT. 
3. When REV appears, press SELECT. 
4. When EXIT appears, press SELECT return to Top 

Level Menu. 
 
EchoSpan is now in the Reverse mode.  To switch back to the 
Normal mode, follow the instructions above and select 
NORM under step 3.  

 
How to set the SAFE setting: 

 
 

The default for Fail-Safety (LOST) can be preset.  The 
choices are 4 mA, 20 mA, 21 mA, 22 mA and HOLD.     
 

 
 

1. In MENU mode, select the SAFE item. 
2. When the required setting appears, press SELECT. 
3. When EXIT appears, press SELECT return to Top 

Level Menu. 
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How to set using Target Calibration (Empty): 
 

 
 

Instead of measuring for Empty tank, the Empty distance can 
be set automatically.  This method requires that the tank be 
Empty or at the level that is considered Empty in the 
application.  To set TG Empty, follow the instructions below. 

 
1. Before beginning, make sure the level is tank is at the 

Empty level. 
2. In MENU mode, select the TG CAL item. 
3. When EMPTY appears, press SELECT.  This sets the 

current distance as the new Empty setting. 
4. When EXIT appears, press SELECT return to Top 

Level Menu. 
 
How to set using Target Calibration (Full): 

 
 

Instead of measuring for Full tank, the Full distance can 
be set automatically.  This method requires that the tank 
be Full or at the level that is considered Full in the 
application.  To set TG Full, follow the instructions 
below. 

 
1. Before beginning, make sure the level is tank is at 

the Full level. 
2. In MENU mode, select the TG CAL item. 
3. When FULL appears, press SELECT.  This sets 

the current distance as the new Full setting. 
4. When EXIT appears, press SELECT return to 

Top Level Menu. 
 

Note: When setting either the TG EMPTY or TG FULL, make sure the reflective surface is 
perpendicular to the EchoSpan and not at an angle.  Be careful if the tank has a sloped or cone 
bottom and the bottom of the tank is exposed to air.   
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Installation 
The EchoSpan should always be mounted perpendicular to the liquid surface and installed using the 
provided Viton mounting gasket.  Make sure that the fitting and transmitter threads are not damaged 
or worn.  Always hand-tighten the transmitter within the fitting.  Perform an installed leak test under 
normal process conditions prior to system start up.  Note: The preferred mounting fitting for the LU80 
series is the LM52-1400 (2” thread x 1” thread) reducer bushing. 
 
Mounting Guide 

1. Do not mount at an angle 
2. Liquid should never enter the dead band 
3. Side Wall: 

a. For LU80 Series - mount at least 2” from the side wall 
b. For LU81, LU83 & LU84 Series - mount at least 3” from the side wall 

4. Do not mount where obstacles will intrude on sensor’s beam width 
a. See Specifications on page 8 

5. Do not mount in a vacuum 
6. Avoid mounting in the center of a dome top tank. 
7. In cone bottom tank, position the sensor over the deepest part of the tank. 

 
 

Do not install at 
angle relative to the 

liquid. 

 

   
Do not install within 
3” of tank sidewall. 

 
 

Do not install with 
objects in the beam. 

 

 
Do not install in 
applications with 

vacuum. 

 
 
Installation in existing fittings 
If the existing fitting is larger than the threads of the EchoSpan, select a reducer bushing such as the 
LM52-1400 (2” thread x 1” thread) or LM52-2400 (3” thread x 2” thread). 
 
Metal Tanks (LU80 series) 
Flowline ultrasonic transmitters have been optimized for use in non-metallic fittings.   

1. For best performance, avoid the use of metallic fittings.   
a. Use a plastic 2” x 1” reducer bushing, such as the LM52-1400 or a plastic 1” flange, 

such as the LM52-1850 for metallic tanks. 
2. While installations directly into a 1” metal fitting are not recommended, acceptable results 

may be obtained if the 1” fitting is a half coupling in form and the outer diameter of the 
coupling is tightly wrapped in vinyl tape to dampen vibrations. 
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Fitting Selection:   
Check the part number to determine the required fitting mount size and thread type.  EchoSpan is 
commonly installed in tank adapters, flanges, brackets or standpipes.  Note: Always include the 
gasket when installing the EchoSpan.  
 

1. Tank Adapter:  Select a tank adapter fitting, such as the LM52-1890 for the LU80 series or 
the LM52-2890 for the LU81, LU83 & LU84 series.   

a. For best results, select a 2” tank adapter and add a reducer bushing such as the 
LM52-1400, thread x thread, reducer bushing.   

b. Avoid tank adapter (thread x thread) styles and/or pipe stops forward of the installed 
transducer. 

 
2” Tank Adapter 
Socket x Thread 

Tank Adapter 
w/ 2”x1” Reducer Bushing 

Tank Adapter 
Thread x Thread 

  
 

Do not use thread x thread 
   

2. Riser:  Installations with tall, narrow risers can impede the acoustic signal.  
a. LU81, LU83 & LU84 Series: 2” (5 cm) diameter risers should be no taller than 5” 

(12.7 cm).  Larger diameter risers should be no taller than 12” (30.5 cm). 
b. LU80 Series: 

 

 
 

Note: Do not exceed the dimensions listed above 
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3. Flange (LU80 series):  If installing on a flange, select a flange with a thread that is above the 

plane of the flange, such as the LM52-1850.   
a. The LU81, LU81 & LU83 series works well with Flange installations. 
b. Avoid the use of blind flanges with tapped threads or flanges where the threads are 

even with the plane of the flange, such as the Banjo 1" Poly ANSI Flange (series 
AF100).  

c. Use a flange with a 2” thread and add a 2” to 1” reducer bushing to complete the 
installation. 

 
2” Flange w/ 

thread out of plane 
2” Flange w/ 

thread in plane 
2” Flange w/ 

Reducer Bushing 

  
Do not use thread in plane  

 
 

4. Side Mount Bracket:  For installations in open tanks and sumps, use the LM50 series side 
mount bracket.   

a. For the LU80 series, order the LM50-1001-1, which includes a 2”x 1” Reducer 
Bushing.   

b. For the LU81, LU83 & LU84, series, order the LM50-1001 side mount bracket. 
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5. Stand Pipe:  A standpipe maybe used to dampen turbulence or when foam is present in the 
application.   

a. Pipe can be made of any material. 
b. Select a minimum 3” ID pipe for the stand pipe. 

i. A 2” pipe is usable with the LU80 series, but is the minimum. 
ii. Pipes larger than 3” can also be used. 

c. Use a coupling and reducer bushing to attach the EchoSpan to the pipe. 
i. With the LU80 series, be sure to use a plastic reducing bushing such as LM52-

1400 2” T x 1” T fitting or the LM52-1410 2” S x 1” T fitting.  
d. The pipe length should run the measurement span and the bottom of the pipe should 

remain submerged at all times to prevent foam from entering the pipe. 
e. Cut a 45°notch at the bottom of the pipe and drill a 1/4”pressure equalization hole in 

the dead band.   
f. The pumps should not drive liquid past the open end of the stand pipe which causes 

the liquid in the pipe to oscillate. 
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Appendix: 
 
Setup: 
You can view how the EchoSpan is configured. 

1. From the main MENU level, press SETUP when VALUES appears. 
2. When SETUP appears, press the SELECT key. 
3. Setup will display the following information: 

a. Units, Display, Rev mA, Safe, Height, Fill-H 
4. When completed, press SELECT when EXIT appears to return to the main program level. 

 
Diagnostics (DIAG) Parameters: 
This mode runs diagnostic tests that confirm operation of EchoSpan.  This  mode should only be 

used when supervised by a Flowline representative. 
 
Reset: 
EchoSpan enables the end user to reset the entire configuration back to the original factory settings.  
Follow the instructions below to reset EchoSpan: 

1. From the main MENU level, press SELECT when VALUES appears. 
2. When RESET appears, press the SELECT key. 
3. When YES appears, press SELECT key to reset EchoSpan. 

a. To cancel the reset, press SELECT when NO appears. 
4. When completed, press SELECT when EXIT appears to return to the main program level. 

 
Factory Settings: 

EchoSpan HEIGHT FILL-H 

LU80 Series 118.1” (300 cm) 114.1” (290 cm) 
LU81 Series 216.5” (550 cm) 208.5” (530 cm) 
LU83 Series 314.9” (800 cm) 307.1” (780 cm) 
LU84 Series 393.7” (1000 cm) 381.9” (970 cm) 
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Troubleshooting: 
 

PROBLEM   SOLUTION 
TANK does not appear on 
the main menu: 

Units function is set for PERCENT on EchoSpan:  When Units is 
set for PERCENT, the TANK function is disabled.  To re-enable 
TANK, change units to INCHES, CM, FEET or METERS. 

Display shows FULL: Level of liquid is above the FILL-H setting:  Check the FILL-H 
setting, making sure the FILL-H setting is high enough so the 
level of liquid is below the FILL-H setting.  The Fill-H setting is 
the distance from the bottom of the tank to the Full level of liquid. 

Display shows EMPTY: Level of liquid is beyond the HEIGHT setting:  Check the 
HEIGHT setting, making sure the HEIGHT setting is low enough 
so the level of liquid is above the HEIGHT setting. 

Display shows WARMUP: Typically occurs when power is being applied to transmitter.  
Indicates a weak power supply, bad wire connections or the sensor 
is out of the operational range.  

Display shows LOST: Sensor is in a Fail-Safe state.  The return sound pulses are not 
reaching the transducer.  First, cycle power off and on, waiting 5 
seconds between the off and on states.  If problem persists, check 
the installation fitting against the Installation instructions in the 
manual. 

Display is opposite of the 
measured value: 

Check the DISPLAY setting.  AIR mode indicates the distance 
from the liquid to the sensor.  LIQUID mode indicates the height 
of liquid in the tank.  Change the DISPLAY mode from AIR to 
LIQUID or vice versa to correct. 

Transmitter indicates a 
current of 0 mA: 

Check the wiring for an open circuit.  An open circuit is the most 
common issue with a 0 mA signal. 

Transmitter jumps to a 
current reading between 19 
and 20 mA: 

Check the installation of the transmitter.  Bad installation fittings 
will cause false signals near the top of the tank, which typically 
translates to a signal between 19 and 20 mA.  Also look for 
interference just below the transmitter.  If the transmitter is 
installed in a metal fitting, switch to a plastic fitting. 

Transmitter indicates a 
current over 23 mA: 

Immediately check the wiring for a short circuit.  The EchoSpan is 
current limited to 22 mA.  Anything above 23 mA indicates a 
short circuit. 
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Model: LU81/83/84-51_1 

EchoSpan® 
Quick Start 

 

QS301550 Rev. C 
©2010 Flowline, Inc. 
All Rights Reserved 
Made in USA 

 

 

Warranty 
Flowline warrants to the original purchaser of its products that such products will be 
free from defects in material and workmanship under normal use and service in 
accordance with instructions furnished by Flowline for a period, which is equal to the 
shorter of one year from the date of purchase of such products or two years from the 
date of manufacture of such products. Flowline's obligation under this warranty is 
solely and exclusively limited to the repair or replacement, at Flowline's option, of the 
products or components, which Flowline's examination determines to its satisfaction to 
be defective in material or workmanship within the warranty period. Flowline must be 
notified pursuant to the instructions below of any claim under this warranty within thirty 
(30) days of any claimed lack of conformity of the product. Any product repaired or 
replaced under this warranty will be warranted only for the remainder of the original 
warranty period. 
Returns 
Products cannot be returned to Flowline without Flowline's prior authorization. To 
return a product that is thought to be defective, go to www.flowline.com, and submit a 
customer return (MRA) request form and follow the instructions therein. All warranty 
and non-warranty product returns to Flowline must be shipped prepaid and insured. 
Flowline will not be responsible for any products lost or damaged in shipment. 
Limitations 
This warranty does not apply to products which: 1) are beyond the warranty period or 
are products for which the original purchaser does not follow the warranty procedures 
outlined above; 2) have been subjected to electrical, mechanical or chemical damage 
due to improper, accidental or negligent use; 3) have been modified or altered;  4) 
anyone other than service personnel authorized by Flowline have attempted to repair; 
5) have been involved in accidents or natural disasters; or 6) are damaged during 
return shipment to Flowline. Flowline reserves the right to unilaterally waive this 
warranty and dispose of any product returned to Flowline where: 1) there is evidence 
of a potentially hazardous material present with the product; or 2) the product has 
remained unclaimed at Flowline for more than 30 days after Flowline has dutifully 
requested disposition. This warranty contains the sole express warranty made by 
Flowline in connection with its products. ALL IMPLIED WARRANTIES, INCLUDING 
WITHOUT LIMITATION, THE WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE, ARE EXPRESSLY DISCLAIMED. The remedies of 
repair or replacement as stated above are the exclusive remedies for the breach of 
this warranty. IN NO EVENT SHALL FLOWLINE BE LIABLE FOR ANY INCIDENTAL 
OR CONSEQUENTIAL DAMAGES OF ANY KIND INCLUDING PERSONAL OR 
REAL PROPERTY OR FOR INJURY TO ANY PERSON. THIS WARRANTY 
CONSTITUTES THE FINAL, COMPLETE AND EXCLUSIVE STATEMENT OF 
WARRANTY TERMS AND NO PERSON IS AUTHORIZED TO MAKE ANY OTHER 
WARRANTIES OR REPRESENTATIONS ON BEHALF OF FLOWLINE. This warranty 
will be interpreted pursuant to the laws of the State of California. If any portion of this 
warranty is held to be invalid or unenforceable for any reason, such finding will not 
invalidate any other provision of this warranty. 
 

Technical Support 
For complete product documentation, video training, and technical 
support, go to www.flowline.com. 

For phone support, call 562-598-3015 from 8am to 5pm PST, Mon - Fri. 
(Please make sure you have the Part and Serial number available.) 

Flowline Inc.  10500 Humbolt St, Los Alamitos, CA 90720 

 

 

10500 Humbolt Street, Los Alamitos, CA 90720 USA 
Tel: 562.598.3015    Fax: 562.431.8507    www.flowline.com 
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Select Fail Safety Output 

 

 

 

 

 

 

We Do Your Level Best 

Thank you for purchasing Flowline’s EchoSpan®. The EchoSpan® provides a 4-20 mA 
analog output with integrated LCD and three push-button configuration. This Quick 
Start includes everything you’ll need to get the transmitter up and running. For 
complete information, please refer to EchoSpan® documentation located at 
www.flowline.com. 

Components 

Depending on the model shipped to you, you should have the components shown 
below. Both components – the EchoSpan® and Viton® gasket – are required to install 
the EchoSpan®. 

 

 

 

 

 

 

 

 

 

 

Select Fail Safety Output 

In the event the transmitter does not receive an 
echo, the Select Fail Safety Output setting can be 
set either to 22mA, 21mA, 20mA or HOLD the last 
value to achieve the desired fail-safe condition. 
During fail-safe, the display will read LOST. 

1) Enter the configuration menu                         
(as discussed previously),  

2) Select SAFE from the menu, 

3) Select an output option, such as 22mA,         
21mA, 20mA, 4mA, or HOLD, and 

4) Select EXIT to return to the Configuration menu. 

 

Reverse 4-20 mA Signal 

The transmitter allows you to switch the 4-20 mA value at the top and bottom of the 
application. By default, 4mA is configured as the bottom and 20mA is configured as 
the top. The transmitter displays this as NORM. Follow these instructions to reverse 
this setting: 

1) Enter the configuration menu 
(as discussed previously), 

2) Select TANK from the menu, 

3) Select Rev MA from the 
menu, 

4) Then, select Rev from the 
menu, and 

5) Select EXIT to return to the 
Configuration menu. 

 

Troubleshooting 

If you face any issues not addressed in this quick start, please refer to the EchoSpan® 
Manual located on Flowline website at www.flowline.com.  

 

EchoSpan® 

LU81-5101 
LU81-5161 
LU83-5101 
LU83-5101 
LU84-5101 
LU84-5161 
 
 
 
 

 

Viton® gasket 
Part#: 200129 (2”) 

Welcome to the EchoSpan® Quick Start 

The EchoSpan® Quick Start is meant to show some of the more common 
setup solutions to getting the EchoSpan® up and running quickly. If you 
run into an issue that is not addressed here or wish to install or set up with 
a non-standard configuration, please address the EchoSpan® Manual or 
refer to the Flowline website at www.flowline.com.  

   Reverse 4-20 mA Signal 

http://www.flowline.com/
http://www.flowline.com/
http://www.flowline.com/
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Setting Units 

 

 

       Riser Mounting Side Mounting 

Set Units 

The transmitter displays information in inches, 
feet, centimeters, meters, or percentages. This 
can  be displayed to represent the amount of air 
or the amount of liquid in a tank. 

Air Display Mode shows the distance from the 
bottom of the sensor to the liquid surface. Liquid              
Display mode show the distance from the liquid  
surface to the bottom of the tank. 

 Follow these instructions to set how units are displayed: 

1) Enter the configuration menu (as 
discussed previously), 

2) Select UNITS from the menu, 

3) Select the type of unit or the type of 
DISPLAY you desire, and 

4) Select EXIT to return to the Configuration 
menu. 

Set Height and Fill Height 

This setting customizes the reading for your installation. Follow these instructions to 
set the height and fill height for your tank: 

1) Enter the configuration menu (as discussed previously), 

2) Select TANK from the menu,  

3) Select HEIGHT. Use the UP and DOWN buttons to set the height of your tank. Then, 
hold down the SELECT button to save this setting, 

4) Select FILL-H for the fill 
height. Use the UP and 
DOWN buttons to set the fill 
height of your tank. Then, hold 
down the SELECT button to 
save this setting, and 

5) Select EXIT to return to the 
Configuration menu. 

 

Mounting the Transmitter  

The transmitter should always be mounted perpendicular to the liquid surface using the 
provided Viton® mounting gasket. Insure that there are no restrictions or obstacles in the 
path of the ultrasonic signal.. Further mounting information can be found on the Flowline 
website at www.flowline.com.  

The LU81, 83, & 84 has a 2” NPT or G fitting that can be installed in standard 2” tank 
adapters. It is best to keep the height of any adapter to a minimum with 6” being the 
absolute maximum for a 2” riser. The LM-1001 is a good choice for sidewall mount 
applications.  

Mounting with a Tank Adapter: Select a tank adapter fitting, such as the LM52-
2890. 

Mounting with a Riser: As installations with tall, narrow risers can impede the 
acoustic signal. 2" diameter risers should be no taller than 5". Larger diameter risers 
should be no taller than 12". 

Mounting with a Side Mount Bracket: Use Flowline's LM50-1001 side mount 
bracket. 

                                          

 

 

 

 

 

Mounting with a Stand Pipe: A standpipe may be used 
to  
dampen turbulence, separate surface foam from the point 
 of measurement or increase performance in heavy vapor.  
Select a 2” pipe and attach the transmitter with a coupling  
and reducer bushing. The pipe length should run the 
 measurement span and the bottom of the pipe should 
 remain submerged at all times to prevent foam from  
entering the pipe.  Cut the bottom end of the pipe at 45° 
 and drill a 1/4”pressure equalization hole high in the dead 
 band. The pumps should not drive liquid past  
the open end of the standpipe which causes the liquid in 
 the pipe to oscillate.  
 

Setting Fill Height 

http://www.flowline.com/
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Transmitter Interface 

                                                                                                 Mounting with a Standpipe 

IMPORTANT MOUNTING GUIDELINES: 

1) Never mount the sensor at an angle. 
2) Liquid should never enter the dead band. 
3) Mount at least 3” from the side wall. 
4) Never mount in a vacuum. 
5) Do not obstruct the sensor’s 3” beam width. 
6) Isolate air gaps between inner and outer threads for best performance. 

 

Wiring the Transmitter 

The following wiring diagrams can be used when wiring the transmitter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Some final notes on safety: 

 Where personal safety or significant property damage can occur due to 
a spill, the installation must have a redundant backup safety system. 

 Wiring should always be completed by a licensed electrician. 
 Supply voltage should never exceed 28 VDC. 
 The sensor must be chemically compatible with the application. 
 Design a fail-safe system for possible sensor and/or power failure. 
 Never use the sensor in classified hazardous environments. 

Configuring the Transmitter 

The transmitter features a non-volatile memory,  
and can be configured prior to installation. Your  
configuration will not be lost when the transmitter is  
powered down. 

Before configuring, be sure to have the following 
information: 

Height. This is the distance from the transducer 
face to the bottom of the tank. 

Fill Height (Fill-H). This is the distance from the 
highest level of liquid to the bottom of the tank 

Configuration Menu 

The transmitter is configured with the three buttons on 
 the transmitter’s face (UP, DOWN and SELECT) and  
 the transmitter's LCD. To access the transmitter's 
 configuration menu, simply hold down the SELECT 
 button for five seconds or until the menu is displayed.  
 When the SELECT button is released, the display menu 
 will begin to scroll through the uppermost level of the  
configuration menu. 

When the menu scrolls to an item you wish to configure, 
simply press the SELECT button again when that item 
appears. Once you've made your configuration changes, 
press SELECT again when “Exit” appears to scroll through 
 the options and once more while RUN appears in the display.  
This will return the transmitter to its operational mode. 
 

Height and Fill Height 

Wiring Schematic for Flowline DataView L155 

Wiring  Schematic  for  Typical  PLC 

 

 



SPECIFICATIONS
Electrical Rating (Maximum): 
F7-SB, -SS2     AC: 25VA, 1.0A, 200 V       DC: 10W, 1.0A, 200V
F7-PP, -BT, -HSS, -MHS  

AC: 25VA, 1.0A, 200 V       DC: 10W, 1.0A, 200V 
F7-HPS-1, -2 AC: 25VA, 1.0A, 200 V       DC: 10W, 1.0A, 200V
(F7-HSS is rated explosion-proof for Class I, Groups A, B, C, D;
Class II, Groups E, F, G; Class III).
Mounting Connection: 1/8″ NPTM (all vertical mount), 1/2″ NPTM
(F7-HPS-2, F7-HSS), M16 x 2 (F7-HPS-1), 1/2″ x 13 thread (F7-MHS)
Wire leads: 22 AWG x 18″ (46 cm), vertical mount models; 22 AWG
x 39″ (1 m), models F7-HPS-1, -2; 22 AWG x 24″ (61 cm), models
F7-HSS, -MHS. 
Magnet: Alnico (F7-SB, -PP, -BT, -HPS), ceramic (F7-SS2, -HSS, 
-MHS).
Weight: 2 oz. (58 g), F7-SB; 1.2 oz. (34g), F7-SS2; 0.8 oz. (23 g), F7-
PP; 0.7 oz.. (20 g), F7-BT; 1.5 oz. (43 g), F7-HPS-1; 2 oz. (57 g), F7-
HPS-2 and -MHS; 3 oz. (94 g), F7-HSS.

BULLETIN E-75

SERIES F7 LIQUID LEVEL SWITCHES

Specifications – Installation and Operating Instructions

Series F7 Level Switches provide simple, inexpensive control
of liquid level within tanks or similar vessels. Switch ratings are
suitable for many solid state control systems and monitors or
alarms. Simple relay interfaces can be used for higher current
applications. Two basic styles offer a choice of vertical or hori-
zontal mounting. Hermetically sealed reed switches are actu-
ated by magnets permanently bonded inside the float and can
be easily adapted to open or close a circuit on rising or falling
levels.

SWITCH ACTION (Normally open/Normally closed)
Vertical Models
Vertical mount models are shipped with normally open switch
contacts which close as the float rises toward the mounting
threads. Reverse switch action by removing the float, rotating
it end-for-end and replacing it on the stem.
Horizontal Models
Horizontal models are in the normally open position when the
indicating arrow points up (float is down), and normally closed
when the arrow points down (float is up).  

INSTALLATION
Choose a location away from fill pipes, drains, or other areas
where turbulence or wave motion might occur. Turbulence will
cause false actuation and shorten contact life. Excess conta-
minants in fluid may inhibit float operation and occasional
wipe-down may be necessary. Care should be taken that
switches are always operated within electrical ratings. Read
and understand all safety precautions on back of this sheet
before installing.

MOUNTING
Install vertical mount models in an appropriate 1/8″ NPT fitting.
Vertical models mount internally, oriented within 30° of vertical,
or select optional fittings for external mounting. Models F7-
HPS-1 and F7-MHS must be mounted internally, which means
the switch must be secured to the wall of the tank or vessel
from the inside. Install horizontal model F7-HPS-1 in a 5/8″ (16
mm) hole or model F7-MHS in a 1/2″ (12.7 mm) hole.  Secure
into place with the nut provided. Tank wall should not exceed
1/8″ (3 mm). Model F7-HPS-2 requires a horizontal 1/2″ NPT
female fitting and can be fitted to the tank or vessel from the
outside. Model F7-HSS requires a horizontal 1/2″ NPT female
fitting and can be mounted from the inside or outside (inter-
nally or externally) of the tank or vessel. 

DIMENSIONS, INCHES (MM) - Vertical Mount

Model (A) Stem (B) Float (C) Float (D) Actuation
Number Length Diameter Height from HEX*
F7-SB 2.75 (70) 1.13 (29) 1.38 (35) 1.2 (31)
F7-SS2 2.06 (52) 1.0 (25) 1.0 (25) 0.73 (19)
F7-PP 2.18 (55) 1.18 (30) 1.0 (25) 0.69 (18)
F7-BT 2.18 (55) 1.18 (30) 1.0 (25) 0.69 (18)

PHYSICAL DATA
Model Material Max. Max. Min. Approx.

Number Float/Stem Temp. Press. S.G. Deadband
Vertical Mount
F7-SB Buna-N & Epoxy/ 220°F 150 psig 0.60 1/16″

316SS 105°C 10 bar 2 mm
F7-SS2 316/SS (CYC)/  300°F 450 psig 0.75 1/16″

316SS 149°C 31 bar 2 mm
F7-PP Polypropylene & Epoxy/ 220°F 100 psig 0.60 1/8″

Polypropylene 105°C 6.89 bar 4 mm
F7-BT Buna-N & Epoxy/ 220°F 150 psig 0.45 1/8″

PBT* 105°F 10 bar 4 mm
Horizontal Mount

F7-HPS Polysulfone/ 185°F 150 psig 0.85 3/16″
-1, -2 Polysulfone 85°C 10 bar 5 mm

F7-HSS 316SS/316SS 392°F 300 psig 0.60 1/8″
200°C 20.7 bar 4 mm

F7-MHS 316 SS/316SS 392°F 100 psig 0.70 3/16″
200°C 6.89 bar 5 mm

*Distance between HEX and liquid (S.G. = 1) level @ actuation pt. will vary with
specific gravity changes. 

* PBT - Polybutylene Terephtalate

3.750
[95.3]

1/2-13 THREAD

2.875
 [73]

1.00
[25.4]

1.00 NOM.
[25.4]

1.375
[34.9]

.1875 [4.76]

F7-MHS, INTERNAL HORIZONTAL MOUNT

DWYER INSTRUMENTS, INC.   Phone: 219/879-8000 www.dwyer-inst.com
P.O. BOX 373 • MICHIGAN CITY, INDIANA 46361, ,U.S.A.     Fax: 219/872-9057 e-mail: info@dwyer-inst.com

Lit-By Fax: 888/891-4963 
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Installation Notes-
Do not subject reed switch
controls to excessive shock
or vibration or any of the
following:
• Bending or placing force
loads on reed switch hous-
ing.
• Over-torquing fittings on
reed switch housing.
• Placing pull-out force on
lead wires.

Do not exceed 1.5 pounds/foot
(2 N/m) tightening torque.
Excessive torque may cause
premature switch element or
housing failure. 

Avoid installations where wiring
entering the device is
submerged or exposed to
excessive amounts of liquid or
humidity condensate. 

Gasket seal for internal
mounting units should be pre-
assembled before insertion
through tank wall. Wall thick-
ness should not exceed
1/8″(3mm). 

When preparing wires for
termination, avoid pulling
against the resin seal or end
plug of the float switch. 

Units with tapered pipe threads
should be treated with Teflon®
based thread compound or
tape before insertion in fitting.
Sufficient torque is achieved at
hand-tight plus one half turn. 

CIRCUIT INFORMATION FOR REED SWITCH PROTECTION
READ INFORMATION BELOW BEFORE INSTALLING YOUR NEW REED SWITCH CONTROL!

Exceeding the current capacity of this Reed Switch control may cause FAULTY OPERATION! Be aware of the inductive and capaci-
tive or lamp loads you may be placing on your Reed Switch Control. the circuits below outline possible solution to preventing over-
loads due to inrush or surge currents exceeding maximum or when the switch current and product of the inductive back EMF
exceed the switch’s power rating. Also, the circuit for prevention of overload when switching filament lamps (low “cold” resistance) is
outlined below. Failure to follow these measures to protect Reed Switch Contacts may cause the contacts to weld together or result
in premature wear. 

Possible Circuit Solutions Indicated by Dashed Lines 

Inductive Loads
Possible causes-
An electromagnetic relay, electro-
magnetic solenoid, electromagnetic
counter with inductive component as
circuit load. 

Capacitive Loads
Possible causes-
A capacitor connected in series or
parallel with Reed Switch Control. In
a closed circuit, a cable length
(usually greater than 50m [162.5 ft])
used to connect reed switch may
also introduce static capacitance.

Lamp Loads
Possible causes-
A tungsten filament lamp load. 



Hazardous Matera Dscosure Tabe for PB Products
Certfled as RoHS CompHant Under Drectve 2002195/EC Wth Mercury

The information included on the other side of this sheet is required for this product to be imported into the Peoples
Republic of China.

The chart acknowledges the presence of small quantities of certain materials in the product, and is applicable to
China RoHS only.

On these products, there will be a label indicating the estimated Environmentally Friendly Use Period (EFUP). This
is an estimate of the number of years that these substances would not leak out or undergo abrupt change.

This product may contain replaceable subassemblies/components which have a shorter EFUP such as batteries
and lamps. These components will be separately marked.

Toxic or Hazardous Substances and Elements
Lead Mercury Cadmium Hexav&ent PoIybrominate Polybrominated

Part Name (Pb) (Hg) (Cd) Chromium Biphenyls Diphenyl
(Cr(VI)) (PBB) Ethers

(PBDE)
Housing X 0 0 0 0 X
Display X X 0 0 0 X
Printed Circuit X 0 0 0 0 X
Board
Metal Fasteners X 0 0 0 0 0
Cable Assembly X 0 0 0 0 X
Fan Assembly X 0 0 0 0 X
Power Supply X 0 0 0 0 X
Assemblies
Battery 0 0 0 0 0 0
0: Indicates that this toxic or hazardous substance contained in all of the homogeneous

materials for the part is below the limit requirement in SJITI 1363-2006.

X: Indicates that this toxic or hazardous substance contained in at least one of the homogeneous
materials used for this part is above the limit requirement in SJ/T1 1 363-2006.

This Electronic Information Product may contain replaceable subassemblies/components which have a shorter
EFUP which is indicated on the product.

Battery 10 years
CCFL Lamp 10 years
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Every effort has been made to ensure that the information in this docu-
ment is complete, accurate and up-to-date. PHONETICS, Inc. assumes no 
responsibility for the results of errors beyond its control. PHONETICS, Inc. 
also cannot guarantee that changes in equipment made by other manufac-
turers, and referred to in this manual, will not affect the applicability of the 
information in this manual. 

Copyright © 2006 by Phonetics, Inc., d.b.a. Sensaphone®

First Edition, version 1.3, April, 2010

Written and produced by Sensaphone. 

Please address all comments on this publication to:

SENSAPHONE

901 Tryens Road

Aston, PA 19014

www.sensaphone.com

Sensaphone® is a registered trademark of Phonetics, Inc.

Touch-Tone™ is a registered trademark of AT&T.
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IMPORTANT SAFETY INSTRUCTIONS
Your Model 400 has been carefully designed to give you years of safe, reli-
able performance. As with all electrical equipment, however, there are a few 
basic precautions you should take to avoid hurting yourself or damaging 
the unit:

carefully. Be sure to save it for future reference.

the unit are not blocked. Do not place on or near a heat source, such as a 
radiator or heat register. 

power transformer. If you’re not sure of the type of power supply to your 
facility, consult your dealer or local power company.

product where the cord will be abused by persons walking on it. 

the risk of fire or electric shock.

holes as they may touch dangerous voltage points or short out parts that 
could result in a risk of fire or electric shock.

but return it to Sensaphone Customer Service, or other approved 
repair facility, when any service or repair work is required. Opening 

risks. Incorrect reassembly can cause electric shock when the unit is 
subsequently used.

properly or has been damaged, unplug it immediately and follow the 

servicing under the following conditions:
1. The power cord or plug is frayed or damaged.

3. The unit has been dropped, or the cabinet is damaged.

4. The unit doesn’t function normally when you’re following the operating 
instructions.
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storm. There may be a remote risk of electric shock from lightning.

CAUTION

Instructions:

1. Use only the following type and size batteries:  
Alkaline, size C.

with local codes for possible special disposal instructions.

3. Do not open or mutilate the batteries. Released electrolyte is corrosive 

conducting materials such as rings, bracelets, and keys. The battery or 
conductor may overheat and cause burns.

FCC Requirements
Part 68: The Sensaphone® Model 400 complies with Part 68 of the FCC 
rules. On the back of the unit there is a label that contains, among other 
information, the FCC Registration Number and the Ringer Equivalence 

information to your local telephone company.
The REN is useful to determine the quantity of devices that you may 
connect to your telephone line and still have all of those devices ring 
when your telephone number is called. In most, but not all areas, the 

to your line, you may want to contact your local telephone company to 

This equipment may not be used on coin service provided by the 

Should the Model 400 cause harm to the telephone network, the 
telephone company may discontinue your service temporarily. If possible, 
they will notify you in advance. But if advance notice isn’t practical, the 
telephone company may temporarily discontinue service without notice 
and you will be notified as soon as possible. You will be informed of 
your right to file a complaint with the FCC. The telephone company may 
make changes in its facilities, equipment, operations, or procedures where 
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such action is reasonably required in the operation of its business and 
is not inconsistent with the rules and regulations of the FCC that could 
affect the proper functioning of your equipment. If they do, you will be 
notified in advance to give you an opportunity to maintain uninterrupted 
telephone service.

on obtaining service or repairs, please contact:
PHONETICS, INC.
901 Tryens Road, Aston, PA 19014

The telephone company may ask that you disconnect this equipment 
from the network until the problem has been corrected or until you are 
sure that the equipment is not malfunctioning.

Part 15: This equipment has been tested and found to comply with the lim-
its for a Class B digital device, pursuant to Part 15 of the FCC Rules. These 
limits are designed to provide reasonable protection against harmful inter-
ference in a residential installation. This equipment generates, uses and can 
radiate radio frequency energy and, if not installed and used in accordance 
with the instructions, may cause harmful interference to radio communica-
tions. However, there is no guarantee that interference will not occur in a 
particular installation. If this equipment does cause harmful interference 
to radio or television reception, which can be determined by turning the 
equipment off and on, the user is encouraged to try to correct the interfer-
ence by one or more of the following measures:

which the receiver is connected.
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Canadian Department of Communications Statement
Notice: The Canadian Department of Communications label identi-
fies certified equipment. This certification means that the equip-
ment meets certain telecommunications network protective opera-
tional and safety requirements. The Department does not guarantee 
the equipment will operate to the user’s satisfaction.
Before installing this equipment, users should ensure that it is 
permissible to be connected to the facilities of the local telecom-
munications company. The equipment must also be installed using 
an acceptable method of connection. In some cases, where the 
company’s inside wiring is associated with a single line, individual 
service may be extended by means of a certified connector assem-
bly (telephone extension cord). The customer should be aware that 
compliance with the above conditions may not prevent degradation 
of service in some situations.
Repairs to certified equipment should be made by an authorized 
Canadian maintenance facility designated by the supplier. Any 
repairs or alterations made by the user to this equipment, or equip-
ment malfunctions, may give the telecommunications company 
cause to request the user to disconnect the equipment.
Users should ensure for their own protection that the electrical 
ground connections of the power utility telephone lines and inter-
nal metallic water pipe system, if present, are connected together. 
This precaution may be particularly important in rural areas.
CAUTION: Users should not attempt to make such connections 
themselves, but should contact the appropriate electric inspection 
authority, or electrician, as appropriate.
The Load Number (LN) assigned to each terminal device denotes 
the percentage of the total load to be connected to a telephone loop 
which is used by the device to prevent overloading. The termina-
tion on loop may consist of any combination of devices subject 
only to the requirement that the total of the Load Numbers of all 
the devices does not exceed 100. For the Sensaphone® Model 400, 
the Load Number is 0.3.
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1 YEAR LIMITED WARRANTY

PLEASE READ THIS WARRANTY CAREFULLY BEFORE USING THE 
PRODUCT.

THIS LIMITED WARRANTY CONTAINS SENSAPHONE’S STANDARD TERMS 
AND CONDITIONS.  WHERE PERMITTED BY THE APPLICABLE LAW, BY 
KEEPING YOUR SENSAPHONE PRODUCT BEYOND THIRTY (30) DAYS 
AFTER THE DATE OF DELIVERY, YOU FULLY ACCEPT THE TERMS AND 
CONDITIONS SET FORTH IN THIS LIMITED WARRANTY.

IN ADDITION, WHERE PERMITTED BY THE APPLICABLE LAW, YOUR 
INSTALLATION AND/OR USE OF THE PRODUCT CONSTITUTES FULL 
ACCEPTANCE OF THE TERMS AND CONDITIONS OF THIS LIMITED 
WARRANTY (HEREINAFTER REFERRED TO AS “LIMITED WARRANTY OR 
WARRANTY”). IF YOU DO NOT AGREE TO THE TERMS AND CONDITIONS 
THIS WARRANTY, INCLUDING ANY LIMITATIONS OF WARRANTY, 
INDEMNIFICATION TERMS OR LIMITATION OF LIABILITY, THEN YOU 
SHOULD NOT USE THE PRODUCT AND SHOULD RETURN IT TO THE 
SELLER FOR A REFUND OF THE PURCHASE PRICE. THE LAW MAY VARY 
BY JURISDICTION AS TO THE APPLICABILITY OF YOUR INSTALLATION 
OR USE ACTUALLY CONSTITUTING ACCEPTANCE OF THE TERMS AND 
CONDITIONS HEREIN AND AS TO THE APPLICABILITY OF ANY LIMITATION 
OF WARRANTY, INDEMNIFICATION TERMS OR LIMITATIONS OF LIABILITY.

1. WARRANTOR: In this Warranty, Warrantor shall mean “Dealer, Distributor, 
and/or Manufacturer.”

2. ELEMENTS OF WARRANTY: This Product is warranted to be free from 
defects in materials and craftsmanship with only the limitations and exclusions 
set out below.

3. WARRANTY AND REMEDY: One-Year Warranty — In the event that the 
Product does not conform to this warranty at any time during the time of one 
year from original purchase, warrantor will repair the defect and return it to you 
at no charge.

This warranty shall terminate and be of no further effect at the time the prod-
uct is: (1) damaged by extraneous cause such as fire, water, lightning, etc. or 
not maintained as reasonable and necessary; or (2) modified; or (3) improp-
erly installed; or (4) misused; or (5) repaired or serviced by someone other 
than Warrantors’ authorized personnel or someone expressly authorized by 
Warrantor’s to make such service or repairs; (6) used in a manner or purpose for 
which the product was not intended; or (7) sold by original purchaser.

LIMITED WARRANTY, LIMITATION OF DAMAGES AND DISCLAIMER OF 
LIABILITY FOR DAMAGES: THE WARRANTOR’S OBLIGATION UNDER 
THIS WARRANTY IS LIMITED TO REPAIR OR REPLACEMENT OF 
THE PRODUCT, AT THE WARRANTOR’S OPTION AS TO REPAIR OR 
REPLACEMENT. IN NO EVENT SHALL WARRANTORS BE LIABLE OR 
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RESPONSIBLE FOR PAYMENT OF ANY INCIDENTAL, CONSEQUENTIAL, 
SPECIAL AND/OR PUNITIVE DAMAGES OF ANY KIND, INCLUDING BUT 
NOT LIMITED TO ANY LABOR COSTS, PRODUCT COSTS, LOST REVENUE, 
BUSINESS INTERRUPTION LOSSES, LOST PROFITS, LOSS OF BUSINESS, 
LOSS OF DATA OR INFORMATION, OR FINANCIAL LOSS, FOR CLAIMS OF 
ANY NATURE, INCLUDING BUT NOT LIMITED TO CLAIMS IN CONTRACT, 
BREACH OF WARRANTY OR TORT, AND WHETHER OR NOT CAUSED BY 
WARRANTORS’ NEGLIGENCE. IN THE EVENT THAT IT IS DETERMINED 
IN ANY ADJUDICATION THAT THE LIMITED WARRANTIES OF REPAIR OR 
REPLACEMENT ARE INAPPLICABLE, THEN THE PURCHASER’S SOLE 
REMEDY SHALL BE PAYMENT TO THE PURCHASER OF THE ORIGINAL 
COST OF THE PRODUCT, AND IN NO EVENT SHALL WARRANTORS 
BE LIABLE OR RESPONSIBLE FOR PAYMENT OF ANY INCIDENTAL, 
CONSEQUENTIAL, SPECIAL AND/OR PUNITIVE DAMAGES OF ANY KIND, 
INCLUDING BUT NOT LIMITED TO ANY LOST REVENUE, BUSINESS 
INTERRUPTION LOSSES, LOST PROFITS, LOSS OF BUSINESS, LOSS 
OF DATA OR INFORMATION, OR FINANCIAL LOSS, FOR CLAIMS OF 
ANY NATURE, INCLUDING BUT NOT LIMITED TO CLAIMS IN CONTRACT, 
BREACH OF WARRANTY OR TORT, AND WHETHER OR NOT CAUSED BY 
WARRANTORS’ NEGLIGENCE. 

WITHOUT WAIVING ANY PROVISION IN THIS LIMITED WARRANTY, IF 
A CIRCUMSTANCE ARISES WHERE WARRANTORS ARE FOUND TO 
BE LIABLE FOR ANY LOSS OR DAMAGE ARISING OUT OF MISTAKES, 
NEGLIGENCE, OMISSIONS, INTERRUPTIONS, DELAYS, ERRORS OR 
DEFECTS IN WARRANTORS’ PRODUCTS OR SERVICES, SUCH LIABILITY 
SHALL NOT EXCEED THE TOTAL AMOUNT PAID BY THE CUSTOMER FOR 
WARRANTORS’ PRODUCT AND SERVICES OR $250.00, WHICHEVER IS 
GREATER. YOU HEREBY RELEASE WARRANTORS FROM ANY AND ALL 
OBLIGATIONS, LIABILITIES AND CLAIMS IN EXCESS OF THIS LIMITATION. 

INDEMNIFICATION AND COVENANT NOT TO SUE: YOU WILL INDEMNIFY, 
DEFEND AND HOLD HARMLESS WARRANTORS, THEIR OWNERS, 
DIRECTORS, OFFICERS, EMPLOYEES, AGENTS, SUPPLIERS OR 
AFFILIATED COMPANIES, AGAINST ANY AND ALL CLAIMS, DEMANDS 
OR ACTIONS BASED UPON ANY LOSSES, LIABILITIES, DAMAGES 
OR COSTS, INCLUDING BUT NOT LIMITED TO DAMAGES THAT ARE 
DIRECT OR INDIRECT, INCIDENTAL, SPECIAL OR CONSEQUENTIAL, 
AND INCLUDING ATTORNEYS FEES AND LEGAL COSTS, THAT MAY 
RESULT FROM THE INSTALLATION, OPERATION, USE OF, OR INABILITY 
TO USE WARRANTORS’ PRODUCTS AND SERVICES, OR FROM THE 
FAILURE OF THE WARRANTORS’ SYSTEM TO REPORT A GIVEN EVENT 
OR CONDITION, WHETHER OR NOT CAUSED BY WARRANTORS’ 
NEGLIGENCE.

YOU AGREE TO RELEASE, WAIVE, DISCHARGE AND COVENANT NOT 
TO SUE WARRANTORS, THEIR OWNERS, DIRECTORS, OFFICERS, 
EMPLOYEES, AGENTS, SUPPLIERS OR AFFILIATED COMPANIES, FOR 
ANY AND ALL LIABILITIES POTENTIALLY ARISING FROM ANY CLAIM, 
DEMAND OR ACTION BASED UPON ANY LOSSES, LIABILITIES, DAMAGES 
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OR COSTS, INCLUDING BUT NOT LIMITED TO DAMAGES THAT ARE 
DIRECT OR INDIRECT, INCIDENTAL, SPECIAL OR CONSEQUENTIAL, 
AND INCLUDING ATTORNEYS FEES AND LEGAL COSTS, THAT MAY 
RESULT FROM THE INSTALLATION, OPERATION, USE OF, OR INABILITY 
TO USE WARRANTORS’ PRODUCTS AND SERVICES, OR FROM THE 
FAILURE OF THE WARRANTORS’ SYSTEM TO REPORT A GIVEN EVENT 
OR CONDITION, WHETHER OR NOT CAUSED BY WARRANTORS’ 
NEGLIGENCE, EXCEPT AS NECESSARY TO ENFORCE THE EXPRESS 
TERMS OF THIS LIMITED WARRANTY.

EXCLUSIVE WARRANTY: THE LIMITED WARRANTY OR WARRANTIES 
DESCRIBED HEREIN CONSTITUTE THE SOLE WARRANTY OR 
WARRANTIES TO THE PURCHASER. ALL IMPLIED WARRANTIES 
ARE EXPRESSLY DISCLAIMED, INCLUDING: THE WARRANTY OF 
MERCHANTABILITY AND THE WARRANTY OF FITNESS FOR A 
PARTICULAR USE AND THE WARRANTY OF FITNESS FOR A PARTICULAR 
PURPOSE AND THE WARRANTY OF NON-INFRINGEMENT AND/OR ANY 
WARRANTY ARISING FROM A COURSE OF DEALING, USAGE, OR TRADE 
PRACTICE.

It must be clear that the Warrantors are not insuring your premises or busi-
ness or guaranteeing that there will not be damage to your person or property 
or business if you use this Product. You should maintain insurance coverage 
sufficient to provide compensation for any loss, damage, or expense that may 
arise in connection with the use of products or services, even if caused by 
Warrantors’ negligence. The warrantors assume no liability for installation of the 
Product and/or interruptions of the service due to strikes, riots, floods, fire, and/
or any cause beyond Seller’s control, further subject to the limitations expressed 
in any License Agreement or other Agreement provided by Warrantors to pur-
chaser.

The agreement between the Warrantors and the Purchaser, including but 
not limited to the terms and conditions herein shall not be governed by the 
Convention for the International Sale of Goods. Where applicable, the Uniform 
Commercial Code as adopted by the State of Delaware shall apply.

4. PROCEDURE FOR OBTAINING PERFORMANCE OF WARRANTY: In the 
event that the Product does not conform to this warranty, the Product should 
be shipped or delivered freight prepaid to a Warrantor with evidence of original 
purchase.

5. LEGAL REMEDIES AND DISCLAIMER: Some jurisdictions may not allow, 
or may place limits upon, the exclusion and/or limitation of implied warranties, 
incidental damages and/or consequential damages for some types of goods or 
products sold to consumers and/or the use of indemnification terms. Thus, the 
exclusions, indemnification terms and limitations set out above may not apply, 
or may be limited in their application, to you. If the implied warranties can not be 
excluded, and the applicable law permits limiting the duration of implied warran-
ties, then the implied warranties herein are to be limited to the same duration as 
the applicable written warranty or warranties herein. The warranty or warranties 
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herein may give you specific legal rights that will depend upon the applicable 
law. You may also have other legal rights depending upon the law in your juris-
diction.

6. CHOICE OF FORUM AND CHOICE OF LAW: In the event that a dispute 
arises out of or in connection with this Limited Warranty, then any claims or 
suits of any kind concerning such disputes shall only and exclusively be brought 
in either the Court of Common Pleas of Delaware County, Pennsylvania or the 
United States District Court for the Eastern District of Pennsylvania.

Regardless of the place of contracting or performance, this Limited Warranty 
and all questions relating to its validity, interpretation, performance and enforce-
ment shall be governed by and construed in accordance with the laws of the 
State of Delaware, without regard to the principles of conflicts of law.

Effective date 05/01/2004
PHONETICS, INC. d.b.a. SENSAPHONE

901 Tryens Road
Aston, PA 19014

Phone: 610.558.2700  Fax: 610.558.0222
www.sensaphone.com
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CHAPTER 1: INTRODUCTION
The Sensaphone® Model 400 is a fully-programmable, environmental moni-

-
ty to small businesses, private homes, farms, greenhouses, computer rooms, 
and remote facilities. Designed for desktop or wall mounting, the Model 
400 is simple to install, program and operate; no changes to standard elec-
trical or telephone service are required. When connected to a telephone 
line, it will respond to an alarm by dialing up to four separate telephone 
numbers. When the call is answered, an “Alert Condition” message is deliv-
ered in user recordable voice. 

The Model 400 features built-in sensors to monitor a variety of conditions:

*Note: While technically not a “built-in” sensor, temperature is factory 
installed on zone 1.

* Refer to Appendix D for information on additional sensors (available 
separately from Sensaphone) best suited to your application.

The status of each monitored condition is readily obtained at the unit’s 
installation site, or remotely by telephone. At the close of every Status 
Report, time is provided for listening to on-site sounds.

To ensure reliable operation, the Model 400 features power backup capa-
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FEATURE SUMMARY
The Sensaphone 400 includes the following features:

ABOUT THIS MANUAL
This manual comprises the instructions and commands for in-
stalling and operating the Model 400. The Quick Start chapter is 
included to speed understanding of programming and operation. 
Communication and Alarm Programming chapters demonstrate 
step-by-step methods for utilizing the full range of available fea-
tures. The Troubleshooting chapter provides assistance in the event 
that problems are encountered. 
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LAYOUT
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1. Programming 
Keypad       

2. Power Jack

3. Phone Extension 
Jack

4. Phone Line Jack

5. Speaker

6. Built in Microphone 

7. System on LED

8. Phone-in-use LED

9. Alarm LED

10. Battery OK LED 

11. Battery 
Compartment

12. Input/Output 
Wiring Door

LED INDICATORS
The LEDs provide on-site alarm and status information. Listed below are 
descriptions of how the LEDs work.

System On
LED Off: Unit is off
LED On: Unit is in Run mode
LED Blinking: Unit is in Standby mode
Phone-In-Use
LED On: The unit or some other device is communicating on the phone 
line
LED Off: Phone line is not in use
LED Blinking: No telephone service detected
Alarm
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Battery OK
LED On: Battery condition good
LED Blinking: Battery condition low

TECHNICAL SUPPORT
If any questions arise upon installation or operation of the Model 400, 
please contact the Sensaphone Technical Service Department at the num-
ber shown below, and have the following information:

Technical Support is available from 8:00am to 5:00pm EST. 

You may also e-mail us at support@sensaphone.com.

SENSAPHONE 
901 Tryens Road 
Aston, PA 19014

Phone: 610-558-2700 

www.sensaphone.com
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CHAPTER 2: INSTALLATION
Correctly installing the Model 400 will ensure proper functioning of the 
unit. Please read the entire chapter before starting the installation process.

Within the packaging will be a Warranty Registration Card. Please take the 

in the front of this manual.

2.1 OPERATING ENVIRONMENT
The Model 400 should be installed and operated in a clean, dry area that 
provides space for wiring sensors to the screw terminals, near an AC 
power source and telephone line. Operating temperature ranges from 32° 

NOTE: The Model 400 is a sensitive electronic device. Do not install 
the Model 400 near strong electrostatic, electromagnetic or radioactive 
fields. Do not expose to humid environments, fumes, or corrosive 
vapors. 

2.2 MOUNTING
Flat Mount: Place the Model 400 on top of a desk or other horizontal 
surface. Wall Mount: Mount on a wall with two flathead screws using the 
keyholes on the back panel of the unit. Place the flathead screws or bolts 
4” apart at the desired height from the floor. Hook the unit over the screws 
and toward the floor. Refer to Figure 2-1.

4

2

Figure 2-1. Wall Mount

2.3 POWER SURGE PROTECTION
The Model 400 can be damaged by power surges and lightning through 
the telephone line and the 120 VAC power supply. Although the Model 400 
has built-in surge protection, we recommend that additional protection 
be obtained for the unit and for any electronic equipment that is attached 
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to your power supply and telephone lines. Power surge protection is espe-
cially important if you live in a lightning-prone area. The ISOTEL Surge 

2.4 POWER SUPPLY AND BATTERY BACKUP
The Model 400 is provided with a DC power transformer that will plug into 

-
line batteries. Do not use rechargeable batteries. Connect the DC power 

a 120VAC outlet

NOTE: Be sure that the DC transformer is plugged into an outlet before 
installing batteries.

To install the batteries, remove the battery compartment door located on 
the front of the unit below the keypad. Press down and slide the door away 
from the unit, align batteries according to the diagram shown in Figure 
2-2, and replace the hatch.

Figure 2-2. Battery Installation

2.5 STARTING THE MODEL 400
When the DC power transformer is first plugged into the electrical outlet, 
the Model 400 automatically starts in RUN mode. The System On light will 
begin to glow. The unit will respond with,“Hello, this is Sensaphone 400.”

2.6 RUN MODE AND STANDBY MODE

activate or deactivate the unit. If the unit is activated and in RUN mode, 
the system on light glows steadily. In STANDBY mode, the system on light 
goes out, but will blink every few seconds to indicate that power is still sup-
plied to the unit.
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In RUN mode, the Model 400 is able to receive incoming calls and to dial 
out automatically in the event of an alarm on one of the monitored condi-

As soon as the Model 400 enters STANDBY mode, it responds with 
“Goodbye.” The system on light immediately goes out and then resumes 
with a blink every few seconds. While in STANDBY mode, all functions are 

NOTE: STANDBY mode is not equivalent to “power off ”—an electrical 
source, such as the 120 VAC, or the battery backup, continues to 
provide full power to the unit. If the unit is placed in STANDBY 
mode, unplugged from the 120 VAC outlet, and placed in storage, the 
batteries will continue to power the Model 400, discharging until they 
fail. Consequently, batteries should always be removed from the unit 
following disconnection from any 120 VAC outlet, prior to storage.

RUN
STANDBY

Figure 2-3. The RUN/STANDBY Key

2.7 TELEPHONE LINE
The Model 400 will operate with all standard analog telephone lines that 

-
sion line to dial its own telephone number. Also, it may not be installed on 
a party line, pay telephone line, or digital telephone system. 

Certain private telephone systems and public switching equipment may not 
accept the Model 400 dialing or may generate an unacceptable ring signal. 
In those cases, a dedicated line may be required. Consult the supplier of 
your telephone system if you encounter problems.

-
tion, you must contact your local telephone company to have one installed 

available to convert them to the modular plugs. Contact your local tele-
phone company or electronics parts store.

CAUTION: Never install telephone wiring during a lightning 
storm. Never install telephone jacks in wet locations unless the jack 
is specifically designed for wet locations. Never touch uninsulated 
telephone wires or terminals unless the telephone line has been 
disconnected at the network interface. Use caution when installing or 
modifying telephone lines.
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To install the telephone line, plug one end of the modular cord into the 

into any standard RJ11 phone outlet. 

Refer to Figure 2-4.

AC Power
Transformer
(plug into 
120  VAC outlet) 

RJ11 Outlet
(for modular
 telephone jack)

Modular Plug 
(plug into RJ1 jack)

Female Telephone Jack 
(connect telephone here)

Line   Ext    Pwr

Figure 2-4. Installing the Telephone Line

“EXT”. This is provided so that a telephone or other answering device 

Model 400 needs to make a telephone call. To ensure that the unit has pri-
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2.8 THE MICROPHONE
The Model 400 is provided with a built-in microphone which is used to 
monitor high sound levels produced near the installation site. The sensitiv-
ity of the microphone is configurable and will detect a continuous as well 
as a pulsating alarm. Note that beeping alarms that have a half second or 
more of silence between beeps will not be detected.

Other programming options that apply to the microphone include setting 
the length of time before a high sound causes an alarm.

-
grammed length of time, the Model 400 will dial out with an alarm mes-
sage. 

NOTE: The proximity of the audible alarm to the microphone is 
extremely important. 

Normally, the Model 400 and the audible alarm must be in the same room. 

acoustics, and the size of the room.

During an alarm dial-out, the microphone allows four-second intervals to 
listen-in to sounds at the Model 400’s location.

When calling for a Status Report, the microphone permits listening to on-
site sounds for a programmed time interval.

2.9 ALERT ZONES

Figure 2-5 Alert Zones

Zones are configured as either dry contact or temperature. A zone config-

cause the circuit to close, an alert condition occurs. “Closed” refers to a 
continuous circuit path; if a closed circuit is opened, an alert condition 
occurs. The Model 400 determines the way zones are configured by the 

A zone configured as “temperature” is designed to evaluate a range of 
settings. The Model 400 will read the temperature at the sensor’s loca-
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tion and compare that value to programmed high and low temperature 
limits. Temperature zones must be used with Sensaphone’s 2.8K Remote 
Temperature Sensor or weatherproof sensor. 

NOTE: Before wiring, it is advisable to disable the zones to prevent 
accidentally tripping an alarm. See Chapter 5.

Important Note regarding Ultra-Low temperature freezers: 
If you are connecting the Sensaphone to an ultra low temperature freezer 

2.10 INSTALLING THE SENSOR
After you have selected the sensor, loosen the screw of the alert zone and 

monitoring sensor. Fasten one lead to the numbered screw and the other 
lead to C. Tighten both screws. If the zone was not disabled, the Model 400 

Refer to Figures 2-6 and 2-7 for connecting a sensor to an alert zone.

Figure 2-6. Sensor Connected to an Alert Zone

long as the total resistance of the circuit is not greater than 50 ohms. Use 
wire appropriate for the application.   
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Figure 2-7 Two Sensors Wired to Adjacent Zones

NOTE: Do not use sensors, switches, or relays that supply any voltage 
or current to the Model 400. Be aware of proximity to other electrical 
wires or components when placing wires that lead from the sensors to 
the unit. Avoid running the wires near electrical devices that use high 
voltage or current, such as motors, heavy machinery, etc. This voltage 
may be inductively coupled into the sensor wiring and could result in 
damage to the the Model 400’s circuitry. Try to place wires at least 6 
inches from other electrical wiring or devices.

2.11 MULTIPLE SENSORS
The Model 400 may have more than one sensor connected to the same alert 
zone, as long as the normal condition for each sensor on the same alert 

temperature sensor can be used on each zone.

When wiring several normally closed sensors on one zone, they must be 
connected in series. Connect one lead from the first sensor to the num-

-

sensors end-to-end until you have connected all of your sensors. Take the 
second lead from the last sensor and connect it to the common screw on 
the Model 400. See Figure 2-8. Multiple N.C. sensors are typically magnetic 
reed switches to monitor the security of windows and doors.
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Figure 2-8. Multiple Normally Closed Sensors

To wire several normally open sensors to one alert zone, connect them 
in parallel. To do this, take one lead from each sensor and attach it to the 
numbered terminal. Then, take the second lead from each sensor and 
attach each to the corresponding common screw. Refer to Figure 2-9.

Figure 2-9 Multiple Normally Open Sensors
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2.12 OUTDOOR WIRING

in open air; under such conditions, the Model 400 is susceptible to serious 
damage during a lightning storm. Depending upon the distance outdoor 
wiring must travel, consideration should be given to the use of shielded 
wire inside a metal conduit. Both shield and conduit should be connected 
to an earth ground. This prevents stray voltage from entering the unit.

Figure 2-10. Potential Sensor Damage from Stray Electrical Noise

2.13 DISCONNECTING THE MODEL 400 FOR 
STORAGE OR SEASONAL USE.

If you plan to employ the Model 400 as a seasonal “watchdog” for a few 
months during the year, you must disconnect all wires from the unit com-
pletely to avoid damage to the circuitry when the unit is not in use. If the 
unit is unplugged but left in place with all the sensors still connected, the 
wires act as antennae that draw in any stray “electrical noise” from such 
devices as fans, blowers, microwaves, etc. 

Additionally, it is important to remove the batteries, or they will discharge 
until they fail. 

Preserve your Model 400 during the off-season, or when not in use:
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CHAPTER 3: QUICK START
This section presents a useful guide for first-time programming of the 
Model 400. Follow instructions for installation before attempting to pro-
gram the Model 400. Refer to Chapter 2: Installation.

3.1 THE LOCAL KEYPAD

-
ming results are determined by the order in which keys are pressed.

Individual keystrokes are illustrated to show programming steps in the cor-
rect order. If you make a mistake by entering the wrong key, do not press 
another key until you hear the message “Error 1.” Then, start over with the 
first key in the programming sequence.

Figure 3-1. The Model 400 Keypad

3.2 PREPARATION FOR PROGRAMMING
Read complete instructions in Chapter 2: Installation, and make sure to fol-
low these three steps first:

1. Plug the AC adapter into the 120 VAC outlet.

2. Install the batteries.

3. Connect the Model 400 to a telephone line.

When these steps are completed, the Model 400 is fully operational and 
able to monitor temperature, high sound, AC power failure and battery 
backup condition; it can also be called on the telephone for a Status Report 
or be used for listening to on-site sounds from any remote location. Now, 
the unit is ready for programming.



32

SENSAPHONE 400 User’s Manual

3.3 QUICK-START PROGRAMMING STEPS
STEP 1: SET CONFIGURATION OF ZONES 

sensors are added, make sure they are in their normal positions before 
proceeding—refer to Chapter 5, Section 5.1.

1. Press STANDBY to place the Model 400 in Standby mode.

RUN
STANDBY

this step and move to step 3.

3. Press RUN. The System On light glows when the Model 400 returns to 
Run mode.

RUN
STANDBY

4. Press SET. 

SET

5. Press CONFIGURE.

CONFIG

6. The Model 400 will audibly recite the new configuration for each of 
the four zones, responding with “normally open”, “normally closed”, or 
“Temperature.” If a zone is unused, it is treated as normally open.

STEP 2: SET THE ID NUMBER 
It is recommended that you set the ID number to reflect the telephone 
number on which the Model 400 is installed.

1. Press SET

SET

2. Press ID NUMBER.

0
ID NUMBER

POWER
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ID number. The Model 400 will recite the digits as they are pressed.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

4. Press ENTER. The 400 will respond: “Okay.”

ENTER
PM

STEP 3: SET DIAL-OUT TELEPHONE NUMBERS  
To program dial-out telephone numbers:

1. Press SET.

SET

2. Press PHONE NUMBER.

PHONE
NUMBER

T/P

3. Select which telephone number to program. Press any unassigned num-

Model 400 will respond: “Enter number.” 

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS
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4. Enter the complete telephone number using the number keys. 

The Model 400 will recite the digits as they are pressed.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

5. Press ENTER. The unit will respond: “Okay.”

ENTER
PM

6. Repeat above procedure to program up to four separate telephone num-
bers.

STEP 4: SET TEMPERATURE LIMITS
High and low temperature limits can be separately programmed for each 
zone that is configured as temperature. Limits can range from –20° to 

-
ture and 100° F for high temperature. Do not set temperature limits too 
close to normal room temperature, since minor fluctuations could result in 
frequent and unnecessary alarm dialouts.

1. Press SET.

SET

2. Press TEMP LIMITS.

5
TEMP LIMITS

the temperature zone being programmed.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS
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The Model 400 responds: “Enter low temperature limit.”

4. Using the number keys, enter a value for low temperature limit. The 
Model 400 will recite the digits as they are pressed. If a negative number 

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

5. Press ENTER.

ENTER
PM

The Model 400 responds: “Enter high temperature limit.”

6. Using the number keys, enter the value for high temperature limit. The 
Model 400 will recite the digits as they are pressed.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

7. Press ENTER. The Model 400 responds: “Enter.”

ENTER
PM

This concludes minimum programming to achieve normal operation of 

settings for many more features take effect when the unit is first powered. 
You will be able to reprogram most of these factory-set defaults to suit your 
application.

-

Alarm Programming.



36

SENSAPHONE 400 User’s Manual

To gain a basic understanding of how the alarm dial-out feature works, refer 

related programmable parameters, refer to Chapter 7: Operation.

3.4 SUMMARY OF THE ALARM DIAL-OUT PROCESS

Action—Response Programmable Feature
1. THE MODEL 400 DETECTS 

AN ALERT CONDITION

An alert condition is not the 
same as a valid alarm—the 
condition must continue for the 
programmed time period, or
Recognition Time, before it is 
recognized as a valid alarm. 

This is the programmed waiting 
period to determine if an alert 
condition has persisted long enough 
to be considered a valid alarm. If 
the sensor returns to normal within 
recognition time, then no alarm will 
occur.

2. A VALID ALARM IS 
CONFIRMED

An audible, on-site alarm 
message begins and continues 
until the alarm is acknowledged. 
(If the Mute feature is turned 
on, there is no on-site message.) 
Call Delay is activated.

This is the programmed waiting 
period, before the first telephone 
number is called, to report an alarm. 

3. DIAL-OUT BEGINS

Dial-out begins by calling 
telephone number 1 to report an 
alarm.
If there is no acknowledgment, 
the Model 400 waits the 
programmed Intercall Time
before dialing subsequent 
telephone numbers. Dial-out 
continues in this manner, 
cycling through the remaining 
telephone numbers, for the 
programmed Max Calls.

This is the programmed waiting 
period, in between sequential dialing 
of telephone numbers, to report an 
alarm.
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4. THE ALARM IS 
ACKNOWLEDGED

When the alarm is 
acknowledged, the dial-out 
process is cancelled and the 
audible, on-site alarm message 
stops.

This is the total number of telephone 
calls that will be dialed in response 
to any valid alarm. Telephone 
numbers are dialed sequentially, and 
continue to cycle until the maximum 
number of calls is reached. If no 
acknowledgment occurs, then at the 
completion of Max Calls, all alarms 
are automatically acknowledged.
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CHAPTER 4: COMMUNICATIONS 
PROGRAMMING

-
ming of the Model 400, including interrogation and resetting of the follow-
ing:

4.1 VOICE MESSAGES
The 400’s digital speech recording feature allows you to record custom 
messages for each of the four Zones and an ID Message. This means that 
when the 400 calls you during an alarm, you will hear a personalized Voice 

-
mum of 8 seconds. You can shorten the message length by pressing the 
ENTER key after reciting the message.

The ID Message is used to identify the unit. This could be a particular 
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To program the ID Message:
1. Press the SET key.

SET

2. Press the MESSAGE key. The 400 will say “Enter Message Number.”

MESSAGE

0
ID NUMBER

POWER

4. When the unit beeps, begin speaking your message into the microphone. 
The unit will say “OK,” when the recording time has elapsed; then it will 
play back your recorded message.

To play back the ID Message:
1. Press the WHAT IS key.

WHAT
IS

2. Press the MESSAGE key.

MESSAGE

0
ID NUMBER

POWER

The 400 will play back your recorded message. 

The Zone Messages are used to identify the device or condition being mon-
itored such as temperature, humidity, equipment alarms, security alarms, 
etc.

To program the Voice Message for a Zone:
1. Press the SET key.

SET
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2. Press the MESSAGE key. The 400 will say, “Enter Message Number.”

MESSAGE

3. Press the number key for the corresponding Zone.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

4. When the unit beeps, begin speaking your message into the microphone. 
The unit will say “OK,” when the recording time has elapsed; then it will 
play back your recorded message.

To play back the message for a Zone:
1. Press the WHAT IS key.

WHAT
IS

2. Press the MESSAGE key.

MESSAGE

3. Press the corresponding Zone number key.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

The 400 will play back your recorded message. 
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To erase a Zone or ID message:

SENSOR
ON/OFF

2. Press the MESSAGE key.

MESSAGE

The 400 will say “Enter message number.”

3. Press the Zone Number or ID key.

0
ID NUMBER

POWER

The 400 will say, “Message erased.”

4.2 THE UNIT ID NUMBER
The Unit ID Number is the identification number of the Model 400. This 
number is typically the telephone number where the unit is installed, or it 
may be designated using any number that best suits your application.

The purpose of the Unit ID Number is to immediately provide the source 

monitoring system. When the Model 400 is called from a remote location, 
it always begins its message with the identification number: 

4.2.1 PROGRAMMING THE ID NUMBER

To program the ID Number:
1. Press SET.

SET

2. Press ID NUMBER.

0
ID NUMBER

POWER
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3. Using the number keys, enter up to 16 digits for the ID number. The 
Model 400 will recite the digits as they are pressed.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

4. Press ENTER. The Model 400 will respond: “Okay.”

ENTER
PM

4.2.2 INTERROGATING THE ID NUMBER

To interrogate the ID numbers:
1. Press WHAT IS.

WHAT
IS

2. Press ID NUMBER. The Model 400 will recite the Unit ID Number pro-
grammed.

0
ID NUMBER

POWER

4.3 DIAL-OUT TELEPHONE NUMBERS
The Model 400 can store up to four 48-digit phone numbers. These are the 
numbers that will be called during alarm dial-out. In the event of an alarm, 
the numbers are dialed sequentially, 1 through 4. Begin programming the 
first telephone number by assigning it to the key labeled with the number 
1 on the keypad, and continue to assign any other telephone numbers in 
numerical order. A pause, pound or star can be added to an individual 
phone number to access different phone and beeper systems. See Special 
Dialing, Section 4.5.
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4.3.1 PROGRAMMING DIAL-OUT TELEPHONE NUMBERS

To program dial-out telephone numbers:
1. Press SET.

SET

2. Press PHONE NUMBER.

PHONE
NUMBER

T/P

3. Select which telephone number to program. Press any unassigned num-

Model 400 will respond: “Enter number.” 

4
MAX CALLS

3
INTERCALL

TIME

1
CALL

DELAY

2
VOICE
REPS

4. Enter the complete telephone number using the number keys.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

5. Press ENTER. The unit will respond with “Okay.”

ENTER
PM

6. Repeat above procedure to program up to four separate telephone  
numbers.

4.3.2 INTERROGATING A DIAL-OUT TELEPHONE NUMBER

To interrogate dial-out telephone numbers:
1. Press WHAT IS.

WHAT
IS
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2. Press PHONE NUMBER.

PHONE
NUMBER

T/P

4
MAX CALLS

3
INTERCALL

TIME

1
CALL

DELAY

2
VOICE
REPS

Model 400 will recite the corresponding telephone number. If there is no 
number programmed for a particular key, the unit will respond: “No num-
ber.” 

4.3.3 ERASING A TELEPHONE NUMBER

To erase a telephone number:
1. Press SET.

SET

2. Press PHONE NUMBER.

PHONE
NUMBER

T/P

you want to erase.

4
MAX CALLS

3
INTERCALL

TIME

1
CALL

DELAY

2
VOICE
REPS

ENTER
PM
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4.4 DIAL-OUT TEST MODE
The 400 allows you to test your telephone programming by simulating an 
alarm dialout to any programmed telephone number. This can be a valu-
able tool for insuring that your programming is correct and also for trou-
bleshooting dialing problems. In this mode all signals on the telephone line 
are audible through the local speaker.

4.4.1 TO TEST A DIALOUT PHONE NUMBER:

1. Press the SET key.

SET

2. Press the TEST key.

TEST
°F/°C

The 400 will say “Enter Number.”

wish to test, and press ENTER.

4
MAX CALLS

3
INTERCALL

TIME

1
CALL

DELAY

2
VOICE
REPS

ENTER
PM

The 400 will dial the number and announce the date and time for voice 
calls, or send its ID number for pager calls.

4.4.2 MANUALLY DIAL A TELEPHONE NUMBER

1. Press the SET key.

SET

2. Press the TEST key.

TEST
°F/°C

The 400 will say “Enter number.”
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3. Press 0 then ENTER to enter manual dialing mode. The 400 will go 
off-hook and you should hear a dial tone through the speaker. Press any 
number keys to dial a telephone number.

0
ID NUMBER

POWER

ALARM 
CANCEL

4.5 TONE OR PULSE DIALING
The Model 400 can dial out in pulse or Touch Tone™. Select the type of 
dialing, in either pulse or tone, depending upon the type of service pro-
vided by your telephone company. The default is tone. 

To program for either pulse or tone:

SENSOR
ON/OFF

PHONE
NUMBER

T/P

The Model 400 will respond: “Tone” to indicate that tone dialing is enabled, 
or “Pulse” to indicate that pulse dialing is on and enabled.

3. Repeat key sequence to switch between settings.

4.6 SPECIAL DIALING
The Model 400 has provisions for special dialing sequences. Special dialing 
sequences allow:
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4.6.1 SPECIAL DIALING KEYS

The following designated keys represent special functions when used with 
PHONE NUMBER entries:

1. Pause
OUTPUT
PAUSE

AM

PAUSE represents a two-second pause in dialing. It can be used when an 

in some cases a “9” or other number, must be dialed first, in order to get a 

TEST
°F/°C

A pound may be required when calling some phone or beeper systems. 

RINGS
TAD

*
A star may be required when calling some phone or beeper systems. 

4. Code
CODE
LOCK
MUTE

The CODE key can be used to perform special functions during the dial-
ing sequence. These include: Pager dialing, Wait for Answer, and Switch 
to Touch-tones. These functions enable the Sensaphone to send a numeric 

touch-tone dialing in the same telephone number. Multiple codes can be 
used during telephone number programming if required. See section 4.5.4 
for special instructions on dialing to a beeper or pager.

Code 1 Pager 

call to be answered by a paging service provider, then it will send its ID 

in alarm. The unit will hang-up after it completes the call. See section 4.5.4 



Chapter 4: Communications Programming

49

Code 2 Wait-For-Answer
You can force your Sensaphone to Wait-For-Answer in the middle of dial-

that is initially answered by an auto-attendant. By inserting the wait-for-
answer code you can instruct your Sensaphone to call the main number, 

The Sensaphone will not speak it’s voice message until the telephone is 

Code 3 Switch to Touch-tone
This command allows you to change from pulse dialing to touch-tone dial-
ing in the middle of dialing a telephone number. This is useful when your 
telephone service only supports pulse dialing, but you need to send touch-
ones after connecting – such as when dialing a numeric pager or navigating 
a voice menu.

4.6.2 INCORPORATING A PAUSE 

Incorporate PAUSE to access an outside telephone line:
1. Press SET.

SET

2. Press PHONE NUMBER.

PHONE
NUMBER

T/P
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-
phone number entry. Model 400 will respond: “Enter number.” 

4
MAX CALLS

3
INTERCALL

TIME

1
CALL

DELAY

2
VOICE
REPS

recite the digit.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

5. Press PAUSE. The Model 400 will “pause.”
OUTPUT
PAUSE

AM

6. Enter the complete telephone number using the number keys. The Model 
400 will recite the digits as they are pressed.

 

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

7. Press ENTER. The Model 400 will say “Okay.”

ENTER
PM
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4.6.3 INCORPORATING A POUND (#) OR STAR (*)

Incorporate a pound or star if it is normally included in tele-
phone number:
1. Press SET.

SET

2. Press PHONE NUMBER.

PHONE
NUMBER

T/P

-
phone number entry. Model 400 will respond: “Enter number.”

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

3
INTERCALL

TIME

1
CALL

DELAY

2
VOICE
REPS

4. Enter the telephone number using the number keys. The Model 400 will 
recite the digits as they are pressed.

 

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

required by pressing the designated keys. The Model 400 will say 
“pound” or “star” each time the key is pressed.

TEST
°F/°C

 –OR–  

RINGS
TAD

*
6. Enter any remaining digits of the telephone number.

7. Press ENTER. The Model 400 will say “Enter.” 

ENTER
PM
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4.6.4 SPECIAL DIALING TO A BEEPER OR PAGER

Your Sensaphone can be programmed to send an alarm message to a 
-

be: 8882227777-1-4, where 8882227777 is the unit’s ID number. A Sound 
alarm will appear as alarm -9 and a Power alarm will appear as alarm -0. 
To program a telephone number for Pager dialout, you must enter Code 1 
at the beginning of the telephone number. The Sensaphone will say “Code 
one, Pager” when you enter the command.

Follow the key sequence below to dial a numeric pager:

To check your programming:

The Sensaphone will say “Pager”, followed by the programmed telephone 
number.

To send a test page:

The Sensaphone will let you listen to the dialout sequence through its 
speaker and send you a message that includes the Sensaphone’s telephone 

Voice Prompted Paging Systems
If your paging provider is answered by a voice prompt which requires you 
to enter one or more touch-tones to send a message, then use the wait-for-

keys to navigate the voice menu until you reach the message entry point. 
The Sensaphone will automatically send it’s telephone number, Zone num-
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4.7 RINGS UNTIL ANSWER
Rings Until Answer is the programmed number of times the telephone 
rings before the Model 400 will answer an incoming call. This can be set 
from 1 to 15 rings. The default value is 4. 

4.7.1 PROGRAMMING RINGS UNTIL ANSWER

To program Rings Until Answer:
1. Press SET.

SET

RINGS
TAD

*
3. Using the number keys, enter a value.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

4. Press ENTER. The Model 400 will respond: “Okay.”

ENTER
PM

4.7.2 INTERROGATING RINGS UNTIL ANSWER

To interrogate Rings Until Answer:
1. Press WHAT IS.

WHAT
IS

 

RINGS
TAD

*
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4.8 TAD (TELEPHONE ANSWERING DEVICE)
The TAD feature is especially useful because it integrates the operation 

you to have on-demand telephone access to the Model 400, for obtaining 
a Status Report, or for issuing call-in commands, while your telephone 
answering device is set to receive outside calls. Programming for use with 

Rings Until Answer, detailed in section 4.6. 

NOTE: The TAD feature only applies to answering devices connected to 
the same telephone line as the Model 400.

4.8.1 TAD ENABLE/DISABLE

To enable/disable the TAD feature:

SENSOR
ON/OFF

RINGS
TAD

*

4.8.2 USING THE TAD FEATURE

2. Determine the number of rings your telephone answering device uses to 

3. On the Model 400, program Rings Until Answer to a greater number 
than the number of rings set on your answering machine. 

Example: 
Telephone answering device, rings = 4
Model 400, Rings Until Answer = 6

the telephone answering device, allowing it to operate normally. With the 

by telephone, to obtain the Status Report.
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1. Dial the telephone number of the Model 400. 

2. Let the telephone ring once and then hang up.

4. Call the Model 400 back. 

It will answer the telephone on the first ring.

the telephone answering device.

NOTE: Special Case: If the Model 400 shares the same line with a 
telephone answering device, and during certain time periods, frequent, 
incoming calls are expected on that line, then you may want to 
temporarily disable the TAD feature. If you leave the TAD enabled, it 
will not adversely affect normal operation, but if two outside telephone 
calls are received within the same 30-second time window, the Model 
400 will interpret this pattern as a signal to answer the telephone. If this 
occurs, press any key on the Model 400 to hang up.

4.8.3 NO TAD IN USE

If a telephone answering device is not used on the same telephone line as 
the Model 400, make sure that the TAD feature is disabled, or turned off. 
Only Rings Until Answer programming will determine how incoming 

incoming calls will be answered in 3 rings.

4.9 LISTEN-IN TIME
The Listen-in Time is the amount of time you can listen to sounds from 
the Model 400’s built-in microphone at its installation site. When you call 
in for a Status Report, the Model 400 announces Listen-in Time at the end 

NOTE: The microphone is also used to monitor high sound level. See 
Chapter 5, Section 5.10 through Section 5.11.1.

4.9.1 PROGRAMMING THE LISTEN-IN TIME

To program the Listen-in Time:
1. Press SET.

SET
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2. Press LISTEN TIME. The Model 400 will respond: “Enter seconds.”

9
LISTEN TIME

SOUND

3. Using the number keys, enter the seconds. The Model 400 will recite the 
digits as they are pressed.

 

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

4. Press ENTER. The Model 400 will respond: “Okay.”

ENTER
PM

4.9.2 INTERROGATING THE LISTEN-IN TIME

To interrogate the Listen-in Time:
1. Press WHAT IS.

WHAT
IS

2. Press LISTEN TIME. The Model 400 will recite the listen-in time. 

9
LISTEN TIME

SOUND

4.10 CALL DELAY
Call Delay is the programmed length of time the Model 400 waits, fol-
lowing detection of an alarm, before it begins the dial-out sequence. This 

-

The purpose for Call Delay is to allow time for personnel at the Model 
400’s installation site to respond to and cancel an alarm before dial-out 
begins. During this time, the Model 400 will audibly repeat its “alarm” 
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4.10.1 PROGRAMMING THE CALL DELAY

To program the Call Delay:

1. Press SET.

SET

2. Press CALL DELAY.

1
CALL

DELAY

The Model 400 will respond: “Enter minutes.”

3. Using the number keys, enter the minutes.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

The Model 400 recites the digits as they are pressed.

4. Press ENTER. The Model 400 responds: “Enter seconds.”

ENTER
PM  

5. Using the number keys, enter the seconds. The Model 400 recites the 
digits as you press them.

6. Press ENTER. The Model 400 responds: “Okay.”

ENTER
PM  

4.10.2 INTERROGATING CALL DELAY

To interrogate Call Delay:
1. Press WHAT IS.

WHAT
IS
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2. Press CALL DELAY.

1
CALL

DELAY  

The Model 400 will recite the programmed Call Delay.

4.11 LOCAL VOICE MUTE
When the Model 400 dials out to report an alarm, it also audibly recites the 
alarm message through it’s speaker. The Local Voice Mute command allows 
you to turn off the speaker at the Model 400’s site during alarm dialouts 
and status call-ins. This feature is used to prevent intruders or unauthor-
ized persons from hearing the alarm dial-out message or from hearing the 
Status Report during an off-site call.

4.11.1 ENABLE/DISABLE LOCAL VOICE MUTE

To enable/disable Local Voice Mute:

SENSOR
ON/OFF

2. Press MUTE.
CODE
LOCK
MUTE

The Model 400 will say “Mute On” to indicate that Local Voice Mute is 
enabled, or “Mute Off ” to indicate that it is disabled.

3. Repeat key sequence to switch between enabled or disabled Local Voice 
Mute.
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4.12 VOICE REPETITIONS
The Voice Repetitions feature allows programming of the number of times 
the alarm message is repeated per phone call during alarm dial-out.

4.12.1 PROGRAMMING VOICE REPETITIONS

To program Voice Repetitions:

1. Press SET.

SET

2. Press VOICE REPS.

2
VOICE
REPS

The Model 400 will respond: “Enter number.”

3. Using the number keys, enter a value from 1 to 10.

 

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

 

4. Press ENTER. The Model 400 will respond: “Okay.”

ENTER
PM  

4.12.2 INTERROGATING VOICE REPETITIONS

To interrogate Voice Repetitions:

1. Press WHAT IS.

WHAT
IS

2. Press VOICE REPS.

2
VOICE
REPS

The Model 400 will recite the number programmed.
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4.13 INTERCALL TIME
The Intercall Time is the programmable period of time the Model 400 waits 
in calling subsequent telephone numbers. Intercall Time is activated only 
after alarm dial-out to the first telephone number fails to be acknowledged. 
This period can be programmed from 10 seconds to 60 minutes. The 
default intercall time is 1 minute.

If an incoming telephone call is made to the Model 400 during Intercall 

-
ing alarms. 

4.13.1 PROGRAMMING INTERCALL TIME

To program Intercall Time:

1. Press SET.

SET

2. Press INTERCALL TIME.

3
INTERCALL

TIME  

The Model 400 will respond: “Enter minutes.”

3. Using the number keys, enter the minutes.

 

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

The Model 400 recites the digits as you press them. 

4. Press ENTER. The Model 400 will respond: “Enter seconds.”

ENTER
PM
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5. Using the number keys, enter the seconds. The Model 400 recites the 
digits as you press them.

 

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

6. Press ENTER. The Model 400 responds: “Okay.”

ENTER
PM

4.13.2 INTERROGATING INTERCALL TIME

To interrogate Intercall Time:

1. Press WHAT IS.

WHAT
IS

2. Press INTERCALL TIME.

3
INTERCALL

TIME

The Model 400 will recite the programmed Intercall Time.
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4.14 MAXIMUM NUMBER OF CALLS (MAX CALLS)

attempts by the Model 400 in the event of an alarm. When an alarm occurs, 
the dial-out process begins, and continues to cycle through your pro-
grammed telephone numbers until the alarm is acknowledged or until the 

number of calls that will be made as a result of any alarms; if more than 
one alarm is detected at once, or if a second alarm occurs during dial-out 

zero, until the programmed number of calling attempts are completed. 

has occurred, the Model 400 will automatically acknowledge any alarm and 
stop the dial-out.

NOTE: If only one telephone number is programmed, the Model 400 
will dial out a maximum of 15 times to report an alarm in accordance 
with FCC rules.

4.14.1 PROGRAMMING MAX CALLS

1. Press SET.

SET

2. Press MAX CALLS.

4
MAX CALLS

The Model 400 will respond: “Enter number.”

3. Using the number keys, enter a value. The Model 400 will recite the dig-
its as you press them.

 

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS



Chapter 4: Communications Programming

63

4. Press ENTER. The Model 400 responds: “Okay.” 

ENTER
PM

4.14.2 INTERROGATING MAX CALLS

1. Press WHAT IS.

WHAT
IS

2. Press MAX CALLS.

4
MAX CALLS

4.15 THE CLOCK
The Model 400 has a built-in clock. The power-up time is 12 am. The clock 
will keep time from 12 am until you program the current time. It will then 
keep time from your programmed time. If the AC power fails, the clock 
will continue to keep time until the battery back-up fails. It will then reset 
to 12 am when power is restored. An incorrect time is a good indication 

4.15.1 SETTING THE CLOCK

To set the clock:

1. Press SET.

SET

2. Press CLOCK.

8
CLOCK
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3. Using the number keys, enter the correct time. The Model 400 will recite 
the digits as they are pressed.

 

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

 

4. If the time is AM, press the AM key. The Model 400 will say “am” If the 
time is PM , press the PM key. The Model 400 will say “pm.”

OUTPUT
PAUSE

AM

ENTER
PM

the order shown:

4.15.2 INTERROGATING FOR THE CURRENT TIME

To interrogate the Model 400 for the current time:

1. Press WHAT IS.

WHAT
IS

2. Press CLOCK. The Model 400 will recite the current time.

8
CLOCK

4.16 THE SECURITY CODE
The Security Code is the last step after setting all other programming 
parameters for the Model 400. The code consists of a 4-digit number you 
select and will effectively prevent unauthorized changes to the Model 400’s 
programming. When the Security Code is activated, all keyboard program-
ming is locked. The Model 400 may be interrogated using the WHAT IS 
key, but the keyboard must be unlocked, via the Security Code, before any 
programming changes are possible.
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4.16.1 LOCKING THE KEYPAD

To program the Security Code:
1. Press SET.

SET
 

2. Press CODE.
CODE
LOCK
MUTE

The Model 400 will say “Enter security code.”

3. Using the number keys, enter 4 digits. 

 

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

4. Press ENTER.

ENTER
PM

The Model 400 says, “OK.” The keyboard is now locked. 

If unauthorized persons attempt to set a parameter, an error message, 

place without entering the security code first, this error message occurs.

4.16.2 UNLOCKING THE KEYPAD

To unlock the keyboard:
1. Press WHAT IS.

WHAT
IS

2. Press CODE.
CODE
LOCK
MUTE

The Model 400 will say “Enter Security Code.”
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3. Using the number keys, enter the digits for the code.

 

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

 

4. Press ENTER.

ENTER
PM

If the correct code is entered, the Model 400 will say “OK.” If the wrong 
code is entered, the Model 400 will say “Error 2.” 
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CHAPTER 5: ALARM PROGRAMMING

of the Model 400, with specific instructions for the following features:

 Program temperature in Fahrenheit or Celsius scale

 Calibrate temperature

5.1 ZONE CONFIGURATION
In preparing the Model 400 to sense an alert condition, the zones must be 

The default setting for zone 1 is temperature; for zones 2-4, the default is 
dry contact and open. To configure zone normality, sensors are first wired 

The configuration process directs the Model 400 to initialize the 4 zones 

recognized as an alert condition. In the case of a temperature zone, an alert 

NOTE: Before starting keyboard commands to configure zone normality 
on the Model 400, it is very important to check that the sensors you 
have wired to the unit are set in their normal, non-alarm positions. For 
example, if a magnetic reed switch (a normally-closed sensor used to 
detect unauthorized entry) has been wired to the Model 400, make sure 
that the door or window to be monitored is shut before configuring the 
zone. If a motion-detector is wired to the unit, it is advisable to block all 
sources of motion from the sensor before and during configuration. 
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5.1.1 PROGRAMMING ZONE CONFIGURATION

1. Press STANDBY to place the Model 400 in Standby mode.

RUN
STANDBY

3. Press RUN. The red light glows when the Model 400 returns to Run 
mode.

RUN
STANDBY

4. Press SET.

SET

5. Press CONFIG.

CONFIG

6. The Model 400 audibly recites the configuration for each of the four 
zones:

“normally open.”

says “normally closed.”

-
ber of the zone, followed by “Temperature.”

5.1.2 INTERROGATING ZONE CONFIGURATION

1. Press WHAT IS.

WHAT
IS

2. Press CONFIG.

CONFIG

The Model 400 will audibly recite the configuration of each zone. 
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5.2 ENABLE/DISABLE ZONES
This function allows you to enable or disable a zone’s response to an alert 
condition. An enabled zone will respond to an alert condition and allow 
dial-out. A disabled zone will cause dial-out to be suppressed, but any 

when a condition needs to be monitored, but is not critical enough to be 
programmed for dial-out reporting. It is important to verify zone status 
after performing any task that requires disabling. The default setting for all 

will restart—refer to Section 5.3.

5.2.1 CHANGING ENABLED/DISABLED ZONE STATUS

SENSOR
ON/OFF

Model 400 says “Alarm Disabled” to indicate disabled or “Alarm Enabled” 
to indicate enabled.

4
MAX CALLS

3
INTERCALL

TIME

1
CALL

DELAY

2
VOICE
REPS

5.2.2 VERIFYING ENABLED/DISABLED ZONE STATUS 

1. Press WHAT IS.

WHAT
IS

2. Press STATUS.

STATUS

The Model 400 audibly recites the current status of every zone. In a Status 
Report, each zone is first identified by its zone number, followed by a 
report that specifies parameters currently affecting that zone. If a zone 
is disabled, the word “Alarm Disabled” immediately follows the number 
recited for that zone.
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During the Status Report:

“Zone 3, the Alarm is Disabled” for zone 3.

“Zone 3—OK,” for zone 3. 
-

rent temperature is 76 degrees. During a Status Report:

“Zone 2, the alarm is disabled, it is now 76 degrees fahrenheit—OK”

“Zone 2—76 degrees fahrenheit—OK.”

5.3 ZONE RECOGNITION TIME
The Zone Recognition Time is the length of time an alert condition 

begins and then clears within the established Recognition Time, no dial-
out will occur. When an alert condition continues beyond the programmed 
Recognition Time, the Model 400 initiates dial-out. The default setting for 
Zone Recognition Time is 0 minutes, 3 seconds.

5.3.1 PROGRAMMING ZONE RECOGNITION TIME

1. Press SET.

SET

2. Press RECOGNITION TIME.

7
RECOGNITION

TIME

4
MAX CALLS

3
INTERCALL

TIME

1
CALL

DELAY

2
VOICE
REPS

The Model 400 responds: “Enter minutes.” 
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Recognition Time of five minutes, simply press “5” on the keypad. The 
Model 400 recites the digits as they are pressed.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

5. Press ENTER. The Model 400 responds: “Enter seconds.”

ENTER
PM

6. Using the number keys, enter the seconds. The Model 400 recites the 
digits as they are pressed.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

 

7. Press ENTER. The Model 400 responds: “Okay.”

ENTER
PM

5.3.2 INTERROGATING ZONE RECOGNITION TIME

1. Press WHAT IS.

WHAT
IS

2. Press RECOGNITION TIME.

7
RECOGNITION

TIME  
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4
MAX CALLS

3
INTERCALL

TIME

1
CALL

DELAY

2
VOICE
REPS

The Model 400 recites the programmed Recognition Time for that zone.

5.4 ESTABLISHING HIGH AND LOW TEMPERATURE LIMITS
High and low temperature limits can be separately programmed for each 

Fahrenheit, or from –30° to 65° Celsius. 

dial out with an alarm message. Default settings are: 10° F for low tempera-
ture and 100° F for high temperature.

5.4.1 PROGRAMMING TEMPERATURE 
LIMITS FOR A SELECTED ZONE

1. Press SET.

SET

2. Press TEMP LIMITS.

5
TEMP LIMITS

the temperature zone being programmed.

4
MAX CALLS

3
INTERCALL

TIME

1
CALL

DELAY

2
VOICE
REPS

The Model 400 responds: “Enter low temperature limit.”
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4. Using the number keys, enter a value for low temperature limit. The 
Model 400 will recite the digits as they are pressed. If a negative number 

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

 

5. Press ENTER.

ENTER
PM  

The Model 400 responds: “Enter high temperature limit.”

6. Using the number keys, enter the value for high temperature limit. The 
Model 400 recites the digits as they are pressed.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

7. Press ENTER. The Model 400 responds: “Enter.”

ENTER
PM

NOTE: Do not set temperature limits too close to normal room 
temperature. Minor temperature fluctuations could result in frequent 
and unnecessary alarm dialouts.
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5.4.2 DISABLING ALARM RESPONSE TO 
HIGH OR LOW TEMPERATURE

-
sively, enter the following temperature limit when programming the select-

in Section 5.4.1, and when prompted to enter the high or low temperature 
value: 

to prevent the Model 400 from responding to a high temperature alarm.

from responding to a low temperature alarm.

5.4.3 INTERROGATING HIGH AND LOW 
TEMPERATURE LIMITS

1. Press WHAT IS.

WHAT
IS

 

2. Press TEMP LIMITS.

5
TEMP LIMITS

3. Press the number key corresponding to the selected temperature zone.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS
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5.5 TEMPERATURE SCALE
Temperature zones may be set in either Fahrenheit or Celsius degrees. The 
default temperature scale is Fahrenheit. To change to Celsius:

SENSOR
ON/OFF

 

Celsius scale has replaced Fahrenheit scale.

TEST
°F/°C

3. To return to Fahrenheit scale, repeat the key sequence. The Model 400 
responds: “Degrees Fahrenheit” indicating Fahrenheit scale is in effect.

NOTE: When switching from Fahrenheit to Celsius, or vice versa, 
the change applies to all zones configured to read temperature. When 
switching temperature scales it is important to reset high and low 
temperature limits on all temperature zones. Refer to Section 5.4.1 to 
reset temperature limits.

5.6 TEMPERATURE CALIBRATION
To compensate for minor variances in sensor accuracy, an offset may be 
programmed for each temperature zone. The amount of offset is measured 

temperature and is reading 1 degree too high, then the calibration for zone 
3 is set at -1 to obtain an accurate reading.

5.6.1 PROGRAMMING TEMPERATURE CALIBRATION

1. Press SET.

SET
 

2. Press CALIBRATE.

6
CALIBRATE
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-
brated.

4
MAX CALLS

3
INTERCALL

TIME

1
CALL

DELAY

2
VOICE
REPS

4. Enter the number required to offset the current temperature reading so a 
correct reading is obtained.  

-
ber on the keypad. The Model 400 recites the digits as they are pressed.

-
pad. The unit recites the digits as they are pressed.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

5. Press ENTER. The Model 400 responds:“Okay.” 

ENTER
PM

NOTE: If you find that your calibration offset exceeds more than + 5 
or –5 degrees, other complicating factors could be affecting normal 
operation of the Model 400. Call Sensaphone for technical assistance.

5.6.2 INTERROGATING TEMPERATURE CALIBRATION

1. Press WHAT IS.

WHAT
IS

 

2. Press CALIBRATE.

6
CALIBRATE  
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3. Press the number key corresponding to the selected temperature zone.

4
MAX CALLS

3
INTERCALL

TIME

1
CALL

DELAY

2
VOICE
REPS

 

5.7 OBTAINING CURRENT TEMPERATURE
Current temperature readings for each temperature zone may be accessed 
at any time. The Model 400 recites the zone number, and the actual tem-
perature detected by the attached sensor, for all zones configured as tem-
perature. To obtain current temperature:

1. Press WHAT IS.

WHAT
IS

TEST
°F/°C

5.8 AC POWER MONITORING ENABLE/DISABLE
The Model 400 monitors AC power failure. This command enables or dis-
ables the power failure detection feature.When enabled, the Model 400 will 

-

-
abled, the Model 400 will not dial-out to report power failure. 

5.8.1 ENABLING/DISABLING THE AC POWER ALARM

SENSOR
ON/OFF

2. Press POWER.

0
ID NUMBER

POWER

power alarm is disabled, or  

alarm is enabled.

3. Repeat key sequence to change settings.
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5.9 AC POWER FAILURE RECOGNITION TIME
The AC Power Failure Recognition Time is the length of time that AC elec-
tric power is off before a valid alarm is recognized and dial-out begins. The 
default setting is 5 minutes, 0 seconds, but is programmable from 0 seconds 

When AC power failure occurs, and throughout the programmed 
Recognition Time, the Model 400 steadily repeats the message “the power 
is off ” at the unit’s installation site. There is no Call Delay programming 
available for AC power failure. Immediately following Recognition Time, 
the Model 400 begins the dial-out process to report power failure.

-
pad. This action also cancels the dial-out process. 

5.9.1 PROGRAMMING POWER FAILURE 
RECOGNITION TIME

1. Press SET.

SET
 

2. Press RECOGNITION TIME.

7
RECOGNITION

TIME

3. Press POWER. The Model 400 responds: “Enter minutes.” 

0
ID NUMBER

POWER  

4. Using the number keys, enter the number of minutes. The Model 400 
will recite the digits as they are pressed.  

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

 

5. Press ENTER. The Model 400 responds: “Enter seconds.”

ENTER
PM  
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6. Using the number keys, enter the number of seconds. The Model 400 
will recite the digits as they are pressed.  

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

 

7. Press ENTER. The Model 400 responds: “OK.”

ENTER
PM

5.9.2 INTERROGATING POWER FAILURE 
RECOGNITION TIME

1. Press WHAT IS.

WHAT
IS

2. Press RECOGNITION TIME.

7
RECOGNITION

TIME  

3. Press POWER.

0
ID NUMBER

POWER

The Model 400 will recite the power Recognition Time.
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5.10 SOUND ALARM MONITORING
This feature allows you to program the level and duration of sound that 
will cause the Model 400 to respond to an alarm and dial-out. It may be 
useful to desensitize the Model 400 to sound if it is installed in an area with 
a relatively high noise level, or where a loud noise occurs frequently but is 
not associated with an alarm. In some applications, it may be desirable to 
increase sound sensitivity to low sound levels.  

5.10.1 PROGRAMMING SOUND ALARM SENSITIVITY

The sensitivity setting for sound alarm monitoring ranges from 1 to 160. A 
value of 1 makes the microphone the MOST sensitive to changes in sound. 
The value 160 makes the microphone the LEAST sensitive to sound. The 
default value is 32.

1. Press SET.

SET
 

2. Press CALIBRATE.

6
CALIBRATE  

3. Press SOUND. The Model 400 responds: “Enter number.” 

9
LISTEN TIME

SOUND

4. Using the number keys, enter a value for sound sensitivity. 

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

 

The Model 400 recites the digits as you press them.  

5. Press ENTER. The Model 400 responds: “Okay.”

ENTER
PM  
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5.10.2 INTERROGATING SOUND SENSITIVITY

1. Press WHAT IS.

WHAT
IS

2. Press CALIBRATE.

6
CALIBRATE

3. Press SOUND. The Model 400 recites the programmed sound sensitivity 
level.

9
LISTEN TIME

SOUND  

5.10.3 PROGRAMMING HIGH SOUND 
ALARM RECOGNITION TIME

The Recognition Time for sound alarm monitoring ranges from 5 seconds 
to 60 seconds. The default value is 8 seconds.

1. Press SET.

SET

2. Press RECOGNITION TIME.

7
RECOGNITION

TIME

3. Press SOUND. The Model 400 responds: “Enter seconds.” 

9
LISTEN TIME

SOUND  

4. Using the number keys, enter the number of seconds. The Model 400 
will recite the digits as they are pressed.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS
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5. Press ENTER.

ENTER
PM  

5.10.4 INTERROGATING HIGH SOUND 
ALARM RECOGNITION TIME 

The Recognition Time for sound alarm monitoring ranges from 5 seconds 
to 60 seconds. The default value is 8 seconds.

1. Press SET.

WHAT
IS

2. Press RECOGNITION TIME.

7
RECOGNITION

TIME

3. Press SOUND. The Model 400 responds: “Enter seconds.” 

9
LISTEN TIME

SOUND  

5.11 HIGH SOUND ALARM ENABLE/DISABLE
The Model 400 monitors sound through the built-in microphone. When 

Model 400 will respond with an alert condition. The increased sound level 
must continue throughout the programmed recognition time. The default 

NOTE: The microphone is also used for listening to on-site sounds. 
Refer to Chapter 4, Section 4.8. Disabling the sound alarm does not 
affect listen-in capability. 

5.11.1 CHANGING ENABLED/DISABLED 
HIGH SOUND ALARM

SENSOR
ON/OFF

 

2. Press SOUND. The Model 400 will say “Sound Alarm Disabled” to indi-
cate disabled or “Sound Alarm Enabled” to indicate enabled.
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9
LISTEN TIME

SOUND

3. Repeat key sequence to change settings.

5.12 EXIT DELAY
When tripping an alarm is unavoidable, yet a true alert condition has not 
actually occurred, the alarm response, including dial-out, can be temporar-
ily suppressed. 

The Model 400 is able to suppress and then reset its dial-out function auto-
matically through use of the Status Report. This is especially convenient 

there is no way to cancel from the local keypad. 

Example: You are planning to exit through a monitored door. Prior to 
exiting, you initiate a Status Report recitation at the Model 400 keypad 
by pressing WHAT IS, followed by STATUS, (key sequence shown 
below). This allows you approximately 40 seconds to exit without 
activating the Model 400’s programmed response to an alarm. At the 
conclusion of the status report, normal alarm response is reactivated.

1. Press WHAT IS.

WHAT
IS

 

2. Press STATUS. The Model 400 recites the full Status Report; during this 

STATUS
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5.13 DESIGNATING A ZONE AS UNUSED
This feature allows you to mark selected Zones, Power, or Sound as unused, 
which will prohibit them from going into alarm and will also leave them 
out of the status report. Note that programming for the selected Zone will 
be preserved when the Zone is marked as “unusued” and will not be recon-
figured if automatic Zone configuration is activated.

To designate a Zone as unused:

SENSOR
ON/OFF

2. Press the SET key.

SET

The 1400 will say “Enter Zone Number.”

3. Press the corresponding number of the Zone you wish to mark as 
unused.

MAX CALLS TEMP LIMITS CALIBRATE

CLOCK

INTERCALL
TIME

RECOGNITION
TIME

LISTEN TIME
SOUND

0
ID NUMBER

POWER

CALL
DELAY

VOICE
REPS

Repeat the key sequence to place the Zone back in use.
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CHAPTER 6: ACKNOWLEDGMENT, 
STATUS REPORT & REMOTE ACCESS

In addition to communication and alarm monitoring capabilities, the 
Model 400 will also respond to your instructions and provide you with 
access to information on monitored conditions at all times.

By issuing commands to the unit, either at the installation site or over stan-
dard telephone lines, the following features may be activated:

6.1 ALARM ACKNOWLEDGMENT
When the Model 400 dials out with an alarm message, it will request 
acknowledgment before hanging up. Acknowledgment indicates to the unit 
that the alarm message has been received.  Upon acknowledgment, the 
Model 400 will cancel the dial-out sequence.          

acknowledgment.

6.1.1 LOCAL ACKNOWLEDGMENT

6.1.2 TOUCH-TONE™ ACKNOWLEDGMENT

This method of remote alarm acknowledgment works with a Touch-Tone™ 
telephone.  

Example: You receive a call from the Model 400, reporting that an alarm 
exists. The message concludes: “Enter Acknowledgement code.” Now, or at 
any time during this call, you may acknowledge the alarm with the code 
“555” if you are using a Touch-Tone™ telephone.
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-
pad three times. The Model 400 will respond: “Alarm Acknowledged.” 
The Model 400 will hang up and the dial-out sequence, including any 
further response to the alarm, will be cancelled.

the conclusion of the message, the Model 400 will respond: “Error, Enter 
Acknowledgement code.” If you do not enter the acknowledgement a 
second time the unit will say “error” then “goodbye” and hang up. The 
alarm is still not acknowledged until you call back. You have a period 
equal to the programmed Intercall Time to call the unit back and enter 
the “555” acknowledgment code.  If you are calling from a pulse or rota-
ry telephone, refer to Callback Acknowledgment, Section 6.1.3, below.

6.1.3 CALLBACK ACKNOWLEDGMENT

Callback Acknowledgement is a feature that allows you to acknowledge an 
alarm without entering Touch-Tones™.  This feature is disabled by default 
and must be enabled by entering the key sequence below.  When Callback 
Acknowledgment is enabled, simply call the unit back and allow the line 
to ring 10 times. The unit will then answer the call, announce the alarm, 
then say “Alarm Acknowledged.” This indicates that the alarm has been 
acknowledged.

To enable or disable Callback Acknowledgement:

SENSOR
ON/OFF

2. Press STATUS.

STATUS

The Model 400 will say “Callback Acknowledgement Enabled” to indicate 
that Callback Acknowledgment is Enabled, or “Callback Acknowledgement 
Disabled” to indicate that Callback Acknowledgement is Disabled. This 
method of remote alarm acknowledgment works with any telephone: pulse, 
rotary, or Touch-Tone™.

Example: The Model 400 calls you with an alarm message. You answer 
the call with a rotary or pulse telephone, and do the following:
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sure to call back within the programmed setting for Intercall Time—refer 

When the Model 400 answers your return call, it announces the alarm. 
Then it says: “Alarm Acknowledged.”  This indicates that the alarm has been 
acknowledged.

NOTE: If you have the TAD feature ( telephone answering device) 
enabled, call the unit and let the phone ring once, then hang up. Wait a 
few seconds then call the unit back a second time. The model 400 will 
now answer on the first ring. If TAD is disabled, the telephone must be 
allowed to ring 10 times. This serves as a precaution against a random 
alarm acknowledgment. Refer to Chapter 4, Section 4.7, for complete 
information on using the TAD feature.

6.2 STATUS REPORT
The Status Report allows access to complete  information on all monitored 
conditions either locally, from the keypad, or by telephone, from any loca-
tion. The Model 400 will answer an incoming telephone call following the 

with the Status Report are messages related to alarm conditions, AC power, 
battery backup and sound level. It also provides an opportunity for listen-

To initiate the Status Report:

1. Press WHAT IS.

WHAT
IS

2. Press STATUS.

STATUS

Sections 6.2.1, 6.2.2, and 6.2.3 demonstrate two different Status Report reci-
tations. The Status Report starts with:

“Hello. This is 555-1234 (or the programmed ID), (Custom ID Message).” 

“It is now 12:15pm (or the current time).” 

The Model 400 proceeds with a separate report for each zone. Each zone 
identifies itself by reciting the zone number and it’s associated voice mes-
sage. 
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6.2.1 EXAMPLE: STATUS REPORT, NO ALARMS

Zones 2, 3, and 4 are configured as dry contact and zone 1 is configured as 
Hello, 

this is 555-1234, this is building M, third floor; it is now 2:30 pm.”

Following this introduction, the report continues: 

“Zone 1, room temperature, 74 degrees, OK.”

“Zone 2, door alarm, OK.”

“Zone 3, ups alarm, OK.”

“Zone 4, water sensor, OK.”

“The sound is OK.”

“The power is ON.”  This refers to AC power.

“The batteries are OK.”  Other possible responses: “Batteries are low” or 
“Replace batteries.”

“The output is off.”

“Listen to the sound for 10 seconds.”  In this case, the programmed Listen-in 

The Status Report repeats once more and the Model 400 concludes the call, 
saying: “Goodbye.” -
pad; “Goodbye,”

The phrase “no number” at the end of a Status Report indicates that no dial-
out phone numbers have been programmed.

6.2.2 EXAMPLE: STATUS REPORT, EXISTING ALARMS

Zones 2, 3, and 4 are configured as dry contact and zone 1 is configured as 
temperature. An emergency situation is at hand:  a fire in a greenhouse has 
tripped a smoke alarm and electrical power has been disrupted. In addi-

2, 3, and 4. You happen to call in for the Status Report, which begins with, 
“Hello, this is 555-1234; “this is the Sensaphone 400 at ACME Greenhouse, 
225 Oak Street”

It is now 8:45 PM

Zone 1, “Temperature in greenhouse”, 110 degrees Fahrenheit, too high, 
acknowledged alarm exists

Zone 2, “Door alarm in greenhouse”, not OK, acknowledged alarm exists  
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Zone 3 “Water pressure alarm in greenhouse”, not OK, acknowledged alarm 
exists  

Zone 4 “Greenhouse control system”, not OK, acknowledged alarm exists  

A High Sound alarm exists, it is now too high

The Power is Off.

The Batteries are Low.

The Output is Off.

Listen to the sound for 10 seconds.

Goodbye.

6.2.3  EXAMPLE: STATUS REPORT, DISABLED ZONES

If a zone is disabled, the dial-out feature for that zone is deactivated, but all 

zones are disabled, although zones 1 and 3 are detecting alarms. AC power 
and Sound Level are also disabled for dial-out. When you call the Model 
400 for a Status Report, you hear the following:

Hello, this is 555-1234; “this is the Sensaphone 400 at ACME Greenhouse, 225 
Oak Street”

It is now 8:45 PM

Zone 1, “Temperature in greenhouse”,  the alarm is disabled, it is now 110 
degrees Fahrenheit, too high, acknowledged alarm exists

Zone 2, “Door alarm in greenhouse”, the alarm is disabled, it is not OK.  

Zone 3 “Water pressure alarm in greenhouse”, the alarm is disabled, it is not 
OK. 

Zone 4 “Greenhouse control system”, the alarm is disabled, it is not OK. 

The Sound alarm is disabled, it is now too high

The Power alarm is disabled, it is now Off.

The Batteries are Low.

The Output is On.

Listen to the sound for 10 seconds.

Goodbye.

The Status Report repeats once more and the Model 400 concludes the call, 
saying: “Goodbye.”  
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6.2.4 BATTERY CONDITION

During a Status Report, you may hear one of three possible messages 
regarding battery power. The Model 400 determines the appropriate mes-
sage  by measuring battery voltage. Depending upon the remaining voltage, 
it may respond:

“The batteries are OK,”  if over 8.2 Volts.

The batteries are low,”  if between 7.2 and 8.2 Volts.

“Replace batteries,”  if  below 7.2 Volts.

6.2.5 REMOTE ACCESS BY TOUCH-TONE™ TELEPHONE

You can issue a number of commands to the 400 remotely using a Touch-
Tone™ telephone. This command mode can be entered at any time during 
the status report. Simply press a Touch-Tone™ and the unit will halt the 
report and respond with “OK.”  You are now in Touch-Tone™ command 
mode. Commands are available to perform the following functions:

Note: If a security code is enabled, the 400 will prompt you with 
“Enter security code.” Enter the four-digit keypad security code plus 
“#” to enter touch-tone command mode. If entered correctly, the 400 
will respond with “OK” and you can proceed to enter the commands. 
If entered incorrectly, the unit will give you one more chance. If it is 
incorrect a second time, the unit will say “Error, goodbye” and hang up. 

The commands are put together based on the letters of a touch-tone tele-
phone. See typical telephone keypad layout below.
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Many of the commands use three letters that represent an abbreviation of 

The tables below list all of the touch-tone commands that are supported.  

-
resent the [CODE] key when programming telephone numbers.

Enable/Disable Zones
This command will toggle the selected zone between the enabled or dis-
abled state.

Description  Touch-Tone Command 

Set and Recite High & Low Alarm Limits
The following commands are used to set or recite the Low Alarm Limit for 
any Zone.

Description  Touch-Tone Command   

Description  Touch-Tone Command   

The following commands are used to set or recite the High Alarm Limit for 
any Zone.

Description  Touch-Tone Command

Description  Touch-Tone Command

Set and Recite Telephone Numbers
The following commands will allow you to program and recite dialout tele-
phone numbers. You may need to use the Special Dialing Codes below.

Special Dialing Codes Summary
Code 1: Numeric pager type

Code 2: Wait for answer

Code 3: Change to Touch-Tone
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Code 4: Pause

Description  Touch-Tone Command

-

Description  Touch-Tone Command

Record and Play Custom Voice Messages
The following commands will allow you to record and play back custom 

Description  Touch-Tone Command

Description  Touch-Tone Command

Control the Relay Output
The following commands will allow you to check the status of the relay out-
put and to toggle the Relay Output On and Off.

Description  Touch-Tone Command

Description  Touch-Tone Command

Activate Microphone Listen-in
The following command will allow you to activate the microphone listen-in 
for the programmed duration.

Description  Touch-Tone Command
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Request Status Report
The following command will initiate a status report.

Description  Touch-Tone Command

Hang-up
The following command will make the 400 hang up the telephone line.

Description  Touch-Tone Command
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CHAPTER 7: OPERATION
After installation and programming is completed, the Model 400 is fully 

an alarm dialout to illustrate how the Model 400 operates.  

7.1 ALARM DETECTION, DIAL-OUT AND 
ACKNOWLEDGMENT

Generally, an alarm event is structured in the following manner:

I. The Model 400 detects an alert condition due to a change at the sensor.

II. A valid alarm is recognized.

III. Dial-out begins.

IV. The alarm is acknowledged.

Often, an alarm does not proceed through all stages: either an alert condi-
tion does not persist long enough to be considered valid, or a valid alarm is 
cancelled.

acknowledgment features and lists important variable factors affecting their 
operation. 
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I. Model 400 Detects a Change at the Sensor Variable Factors
Model 400 detects a change in the monitored 

does not qualify as a valid alarm at this point.

The condition continues throughout the programmed 

to its normal state before the Recognition Time is 
reached, no alarm will occur.

Zone Type:  (1) An 
open circuit closes, 
(2) a closed circuit 
opens, or 
(3) temperature 
limits are exceeded.

Recognition Time:
Activated

II. A Valid Alarm is Recognized Variable Factors
The condition must persist long enough to meet or 

continues, the Model 400 will determine that a valid 

When a valid alarm is determined, Call Delay 
is activated, forcing the Model 400 to wait for a 
programmed period of time before starting the dial-

prior to dial-out, before the first telephone call is 
made. 
Call Delay provides the opportunity to cancel a valid 
alarm at the Model 400’s installation site, before 
dial-out occurs. An audible voice message indicates 
which of the zones is in alarm. If on-site personnel 
acknowledge the alarm within the Call Delay time, 

disabled, so that alarm messages can be heard at the 

Recognition Time: 
Expired

Valid Alarm:   
Exists

Call Delay:  
Activated

Alarm Message: 
Audible, On-site 
Activated

Local Voice Mute: 
Disabled
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III. Dial Out Begins Variable Factors
The dial-out process is activated as soon as the 

dial-out begins with telephone number 1  and 
proceeds sequentially, through the remaining 
telephone numbers.  

If the alarm is not acknowledged with the first dial-
out telephone call, the Model 400 waits the duration 

number. Intercall Time is the programmed waiting 
period in between each dial-out telephone call. 

When the telephone is answered, the programmed 
Voice Repetitions determine the number of times per 
call the Model 400 recites the alarm message.  

Call Progress, an automatic feature, enables the 
Model 400 to detect whether or not the telephone 
call is answered. After 10 rings, or if a busy signal is 
encountered, the Model 400 will hang up, wait the 
programmed Intercall Time, and proceed to dial the 

If no telephone calls are answered, the Model 
400 dials out sequentially, through the remaining 
telephone numbers and continues to cycle until the 

When the telephone is answered, the Model 400 
will immediately begin reciting a message that 
indicates which of the zones is in alarm. At the same 
time, the alarm message is repeating at the Model 
400’s installation site. The Model 400 will request 
acknowledgment, if it has not yet occurred.

Call Delay: 
Expired

Intercall Time: 
Activated

Voice Repetitions: 
Activated

Call Progress: 
Activated

Max Calls: 
Activated

Alarm Messages:
By Telephone
and
On site
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IV. The Alarm Is Acknowledged Variable Factors
At any time after a valid alarm is determined, the alarm 
may be acknowledged at the Model 400’s installation 
site, by pressing ALARM CANCEL key.
When the Model 400 dials out and the call is answered 
via Touch-Tone telephone, any alarm may be instantly 
acknowledged by pressing “555.”  
If  the alarm message repeats for the number of 
programmed Voice Repetitions, and “555” has not been 
entered, the Model 400 will say:

“Enter acknowledgement code.” 

The Model 400 waits 10 seconds for the Touch-Tone 
code “555” to be entered. If the code is entered within 
10 seconds, it responds:
“Alarm acknowledged.”

The alarm is considered acknowledged and the dialout 
concludes.
If the Model 400 does not receive the Touch-Tone code 
within 10 seconds, it recites the following:
“Error, enter acknowledgement code.”

If the Model 400 does not receive the acknowledgement 
code a second time, it says “error, goodbye” and hangs 
up. The recipient of this message must call the Model 
400 back within the period programmed for Intercall 
Time, in order to acknowledge the alarm.  If Local Voice 
Mute is off, the unit will beep at the installation site 
while waiting for this call.
Callback Acknowledgement: If enabled, the Model 400 
waits 10 rings before answering to guard against random 
acknowledgment. If an answering device is connected to 
the same line as the Model 400 (and TAD is enabled), 
you must call the unit and let the line ring once, then 
hang up, wait ten seconds and call back again within 30 
seconds.  The Model 400 will answer on the first ring. It 
will recite any unacknowledged alarms, then say: 

“Alarm acknowledged, goodbye.” 

Local, On-site 
Acknowledgment

Touch-Tone
Acknowledgment:
Fast Code 555

Touch-Tone
Acknowledgment:
Normal Code 555

Tone or Pulse 
Callback
Acknowledgment:
Within Intercall 
Time
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Variable Factors
When the Model 400 hangs up, the alarm is 
acknowledged and dial-out stops.
If calls remain unanswered, or if they are received 
by an answering machine or FAX, the Model 400 
continues the dialout sequence; it waits the Intercall 
Time and proceeds to dial the next telephone 
number. Telephone numbers are dialed sequentially, 
and this cycle continues for the number of Max 
Calls programmed. If no acknowledgment occurs, 
then at the completion of Max Calls, the alarm 
is automatically acknowledged and the dial-out 
process is terminated.

Tone or Pulse 
Callback
Acknowledgment:
TAD Enabled

Max Calls 
Acknowledgment

NOTE: Acknowledging the alarm does not correct the situation! The 
alarm condition will still exist until the sensor is restored to its normal 
state.

7.2 EXAMPLE: A DIAL-OUT TELEPHONE CALL
The following parameters are selected for demonstration purposes:

your place of business.

telephone number.

The Model 400 is detecting an alarm on zone 2. 

The telephone rings at 555-1234, your home number.

You answer the telephone and hear the following message:

“Hello, this is 555-5674. This is the Sensaphone 400 at John’s Printing Express. 
It is now 12:30 Am. Zone two, back door security sensor, alarm exists, it is not 
okay.”

“Hello, this is 555-5674. This is the Sensaphone 400 at John’s Printing Express. 
It is now 12:30 Am. Zone two, back door security sensor, alarm exists, it is not 
okay.”
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“Hello, this is 555-5674. This is the Sensaphone 400 at John’s Printing Express. 
It is now 12:30 Am. Zone two, back door security sensor, alarm exists, it is not 
okay.”

“Hello, this is 555-5674. This is the Sensaphone 400 at John’s Printing Express. 
It is now 12:30 Am. Zone two, back door security sensor, alarm exists, it is not 
okay.”

“Enter acknowledgement code.”

NOTE: It is important that your dial-out telephone numbers be 
answered by you or other authorized personnel in order to ensure 
adequate response to an alarm.
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CHAPTER 8: CONTROLLING 
THE OUTPUT

The Sensaphone 400 includes a relay output that can be used to control 

A sample wiring diagram is shown below:

Figure 1: Relay output connected to alarm

The output can be programmed to operate in one of 9 automatic modes or 

output to automatically turn on and off based on individual alarms or any 
alarm. In manual mode the output is controlled via keypad command or 
remotely via touch-tone phone. A description of each mode is described 
below.

8.1 OUTPUT MODES

Mode  Description
1 

2
 
3
 
4 
 
9 
 
0

Output on when zone 1 goes into alarm. Off when alarm is 
acknowledged.
Output on when zone 2 goes into alarm. Off when alarm is 
acknowledged
Output on when zone 3 goes into alarm. Off when alarm is 
acknowledged.
Output on when zone 4 goes into alarm. Off when alarm is 
acknowledged.
Output on when a Sound alarm occurs. Off when alarm is 
acknowledged.
Output on when a Power alarm occurs. Off when alarm is 
acknowledged.
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Mode  Description
Phone 

 
 
#

Output on when phone line is unplugged for more than 15 
seconds. Off when a phone line is plugged in.
Output on when any alarm occurs. Off when all alarms are 
acknowledged.
Output controlled manually via keypad command or touch-
tone.

8.1.1 TO PROGRAM THE OUTPUT MODE:

1. Press the SET key.

SET

2. Press the OUTPUT key.
OUTPUT
PAUSE

AM

The 400 will say “Enter output mode.”

3. Using the number keys, enter a value for the output mode.

4
MAX CALLS

5
TEMP LIMITS

6
CALIBRATE

8
CLOCK

3
INTERCALL

TIME

7
RECOGNITION

TIME

9
LISTEN TIME

SOUND

0
ID NUMBER

POWER

1
CALL

DELAY

2
VOICE
REPS

4. Press the ENTER key.

ENTER
PM

The 400 will say “OK” and recite a description of the mode selected, such 

the 400 will simply say “Automatic on Alarm,” meaning that the output will 
automatically turn on when any alarm occurs.
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8.1.2 TO PLAY BACK THE PROGRAMMED OUTPUT MODE:

1. Press WHAT IS.

WHAT
IS

2. Press OUTPUT.
OUTPUT
PAUSE

AM

The 400 will recite the programmed output mode. 

8.2 SWITCHING THE OUTPUT USING THE KEYPAD
When programmed for Manual mode, the command to switch the output 
is:

SENSOR
ON/OFF

OUTPUT
PAUSE

AM

output.

Note: If the 400 says “Error,” the output is not programmed for manual 
mode.

8.2.1 SWITCHING THE OUTPUT OVER THE PHONE

The following commands will allow you to check the status of the relay out-
put and to toggle the Relay Output On and Off.
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8.3 TYPICAL APPLICATIONS
Heating Up Your Cottage Or Cabin Remotely 
If you keep your cottage or cabin open all year around, or if you do not 
drain your pipes and add antifreeze to your plumbing, you likely keep 
your furnace active when you are away but at a very low temperature. The 
Sensaphone will provide an invaluable service to you by keeping you updat-
ed to any change in the status of your furnace operation. Prior to your 
arrival at your cottage or cabin, you can remotely use your Sensaphone 400 
to raise the thermostat and increase the heat.

thermostat. The Sensaphone can easily control these types of thermostats. 
If your heating source consists of high voltage electric baseboard heat-
ers, you should consult a qualified electrician or heating professional for 
proper installation of the Sensaphone remote control facility. Electric 

a direct control high voltage thermostat. Only the low voltage thermostat 
may be directly connected to the Sensaphone.

8.3.1 SINGLE THERMOSTAT CONTROL 

There are two installation methods that can be used to remotely change 
the thermostat  setting in your cottage or cabin; the single thermostat 

to install a model with an input to switch between two temperature set-
tings. Sensaphone offers a 7-day programmable thermostat and power 

thermostat has been carefully chosen to work with the model 400 to allow 
remote control between normal or vacation mode. You will need to replace 
your current thermostat, so if you are unsure about performing this work 

-
lation assistance. Follow the manufacturer’s instructions for installing the 
thermostat.

The Model 400 will need to be wired to the thermostat to control it. For a 
visually appealing installation you may want to locate the Sensaphone close 
to your heater so that the cable follows the same path as the one from your 
heater to the thermostat. An added benefit of this location is that you can 
easily add a water sensor to monitor for leaks around your hot water heater 
or other plumbing. Typically the water heater is located near the heating 
and cooling system. 

Step 1: Install the thermostat.
Refer to the manufacturer’s instructions for installation. For installation 
assistance, contact Aube Technologies at  1-800-831-AUBE.
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Step 2: Mount the Sensaphone 400.
Choose a location for your Sensaphone that allows for easy wiring to the 

unit on a wall or flat on a desktop or table surface. Plug in the power sup-
ply and connect the telephone line.

Step 3: Connect cable from thermostat to Sensaphone 400.

door that will connect to the 12VDC power supply and  X & C terminals 

thermostat between normal and vacation modes. Run a two-conductor 
cable from the thermostat to the Model 400. On the thermostat, connect 

On the 400, connect the red wire to the NO terminal. Connect the black 
wire to the negative wire from the power supply. Use a wire nut to complete 
this connection. Connect the positive wire from the power supply to the 
“C” terminal on the model 400. 

Step 4: Program the Thermostat.
Refer to the manufacturers instructions for programming the thermostat. 
Be sure to program settings for both normal and vacation modes.

Controlling the Thermostat

at the Model 400 keypad or remotely via Touch-Tone comands.  Both 
methods are described below:
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Keypad commands:

[OUTPUT]  key.  The unit will respond by saying “ON” to indicate that 
Vacation Mode is set.  The Suitcase icon  will appear and blink on the 
thermostat LCD.

[OUTPUT]  key.  The unit will respond by saying “OFF” to indicate that 
Normal Mode is set.  The Sun   or Moon  icon will appear on the 
thermostat LCD.

TouchTone Commands:
Call the Sensaphone. When the unit answers, it will begin reciting a sta-
tus report. At any time during the call, press a Touch-Tone. The unit will 
respond with “OK.” The Sensaphone is now ready to accept Touch-Tone 
commands.

saying “ON” to indicate that Vacation Mode is set.  The Suitcase icon 
 will appear and blink on the thermostat LCD.

saying “OFF” to indicate that Normal  Mode is set.  The Sun  or Moon 
 icon will appear on the thermostat LCD.

“OFF” for Normal Mode or “ON” for Vacation Mode.

8.3.2 DUAL THERMOSTAT CONTROL 

When a three or four wire low voltage thermostat is used, it is easy to con-
nect the Sensaphone to your furnace with the addition of a secondary ther-
mostat. One thermostat is set to your preferred “away” temperature and the 
other thermostat is set to your preferred “home” temperature. With your 
Sensaphone 400, you will be able to switch between these two thermostats 
using the relay output.

Ideally, the “away” thermostat would be in your pump or furnace room.  
Remember that your “away” thermostat will be the only thermostat that 
keeps your cottage or cabin at minimal heat while you are away. It should 
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not be located near a window or where direct sunlight might warm it, near 
a furnace radiator or vent, or any heat source such as a pilot light.

The second thermostat, the one pre-set for your preferred temperature 
when you arrive at your cottage or cabin, should be located in your normal 

in a suitable location by your heating professional at the time your furnace 
was installed.

By connecting these two thermostats together in a parallel fashion, and by 

can remotely or locally decide which thermostat is in control of your fur-
nace.

It is recommended that the “away” thermostat be connected to the NC 

understand which state your furnace is in: Output ON = Home and Output 

-
minal on the 400.

Figure 1: Dual Thermostat Setup

Note: This is a typical configuration when using standard single-zone 
heat/cool thermostats. For ease-of-use it is recommended that both 
thermostats be the same model.  Note also that all thermostats may not 
be compatible with the dual-thermostat wiring diagram.  Consult your 
heating/cooling professional for installation assistance.
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8.3.3 CONTROLLING LIGHTS OR OTHER DEVICES
Using X10 technology, you can remotely activate any electrical device or 
appliance in your home through your Sensaphone. X10 technology is a 

transmit coded signals to lamps, lights, and appliances to turn them on or 

Figure 2: X10 Lighting Control Setup

Sensaphone supports these devices through use of the popular X10 
Powerflash relay interface. To learn more about this technology, consult 

shop such as Radio Shack.

from your cellular telephone when arriving at your residence late at night. 

-
tric garage door opener over the telephone—an ideal way of letting in your  
service personnel without being on-site. You may also use the X10 technol-

not easy to wire directly.

Finally, in addition to remotely controlling devices, X10 technology lets 

motion sensors, or water sensors. This is of great benefit where it is impos-
sible to wire directly from your sensors to your Sensaphone. Consult a 
qualified electrician or your heating professional for assistance with locat-
ing your remote sensors or contact your Sensaphone dealer.
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APPENDIX A: WEEKLY 
TESTING PROCEDURE

We recommend that you test your Sensaphone weekly to be sure it is 
functioning properly. This will ensure that when a problem arises the 
Sensaphone will be ready to alert the appropriate personnel.

There are several tests that can be performed:

-
ity to answer the phone and speak a message.  It will also verify that all of 
the zones are reading properly, the alarm conditions are OK, the electric-
ity is on, the microphone is functioning, and the batteries are OK.

Temperature sensors: Heat or cool the sensor. 
 
Motion sensors: Have someone walk in front of the sensor. 
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Water sensors: Apply a small amount of water beneath the sensor or use 
a wet towel and touch it to the sensor probes. 
 
Humidity sensors: Raise the humidity around the sensor by holding a 
cup of very hot water beneath the sensor.  
 
Allow the unit to contact all programmed telephone numbers.  This will 
make sure that the Sensaphone is programmed properly.  It will also pre-
pare personnel to respond appropriately when they receive a call from 
the Sensaphone.

the Sensaphone continues to function.  Press WHAT IS, then STATUS 
on the keypad, and listen to the status report.  Make sure the report 
states that “the power is off ” and “batteries are OK.” Keep the AC adapter 
unplugged so that a Power Failure alarm occurs.  Allow the unit to dial 
all programmed telephone numbers while running on battery backup.  
Plug in the AC adapter after the unit has finished dialing all of the tele-
phone numbers.

sure to test the smoke alarm to make sure that the Sensaphone picks up 
the audible signal and triggers a high-sound-level alarm.  Allow the unit 
to dial all programmed telephone numbers. 

If you require assistance, call Sensaphone Technical Support 

at 610-558-2700.
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APPENDIX B: TROUBLESHOOTING 
In the event that a problem is encountered, this section will assist you in 
determining the cause, so you can return the unit to its usual monitoring 
routine with minimal interruption.

Most problems with the Model 400 are easy to identify and quickly cor-
rected, and are found under the following general headings:

If you have tried the solutions outlined in this section and are not satisfied 
with the results, call Sensaphone Technical Support at 610-558-2700, or fol-

ERROR MESSAGES

Problem Cause Solution
The unit says “Error 1.” An invalid value has 

been entered or too much 
time has passed without 
entering a value.

Only enter values within the 
allowed programming range, 
and make programming 
changes in a timely fashion.

The unit says “Error 2.” Programming changes 
were attempted without 
unlocking the keypad.

Unlock the keypad, then make 
programming changes.
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COMMUNICATIONS / DIAL OUT

Problem Cause Solution
1)The Model 400 fails 
to dial out.

a) The telephone number 
may be incorrectly 
programmed.

b) Tone or pulse (the 
current dialing 
method) is not 
compatible with the 
telephone line on 
which the Model 400 
is installed.

c) Recognition Time 
is too long. An alert 
condition does not 
remain in effect long 
enough to become a 
valid alarm.

d) The Model 400 
is connected to 
an incompatible 
telephone line.

Recheck programming steps.  
Refer to Chapter 4,  Section 
4.2.1.

Switch from the current 
setting: from tone to pulse, or 
from pulse to tone. 
Refer to Chapter 4,  Section 
4.3.

Reprogram Recognition Time. 
Set the Recognition Time to 
the minimum duration required 
to create a valid alarm. If 
possible, test the new setting 
by deliberately creating an 
alert condition. 
Refer to Chapter 5, Section 
5.3.

The Model 400 must be 
connected to a standard (2-wire 
analog) telephone line, not a 
digital extension to a phone 
system. If the unit will not dial 
out and the factors previously 
listed have been ruled out, 
try connecting the unit to a 
standard residential telephone 
line.



Appendix B: Troubleshooting 

113

Problem Cause Solution
2. The Model 400 will not 

answer the telephone 
when called for a 
Status Report or alarm 
acknowledgment.

a) Rings Until Answer
is incorrectly pro-
grammed.

b) The Model 400 is con-
nected to an incompat-
ible telephone line.

Recheck programming of 
Rings Until Answer.  Refer 
to Chapter 4, Section 4.5.1. 

Some telephone systems 
will not allow the telephone 
to ring beyond 4 rings. If 
your  Model 400’s Rings 
Until Answer is set at 
more than 4 rings, you 
may not be able to access 
the unit. Try setting the 
Rings Until Answer to less 
than 4 rings. If this does 
not correct the problem, 
it may indicate telephone 
line incompatibility. In this 
case, try connecting the 
Model 400 to a standard, 
residential telephone line.

3.    The Model 400 
will not answer the 
telephone for Callback 
Acknowledgement.

You did not allow the 
telephone to ring 10 
times. Note: If the TAD 
(telephone answering 
device) is disabled, the 
telephone rings ten times 
before the Model 400 
answers.  If the TAD is 
enabled, you must call 
the unit and let the line 
ring once, then hang up, 
wait ten seconds and call 
back again within 30 
seconds.  

When calling the Model 
400, and the TAD is dis-
abled, allow the telephone 
to ring 10 times.  Refer to 
Chapter 6, Section 6.1.3, 
and Chapter 4, Section 
4.6.3.

4.   The Model 400 recites 
the alarm message or 
Status Report over the 
telephone, but is silent at 
the installation site.

The local voice mute fea-
ture is in effect.

Deactivate local voice mute. 
Refer to the programming 
steps in Chapter 4, Section 
4.9.

5.   The Model 400 and 
telephone answering 
device (sharing the same 
line) answer incoming 
calls simultaneously.

The Model 400’s number 
of Rings Until Answer is 
set to equal the number of 
rings set for the telephone 
answering device.

Change the number of 
Rings Until Answer for 
the Model 400.  Refer to 
Chapter 4, Section 4.5.
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TEMPERATURE MONITORING

Problem Cause Solution
1. Can’t program 

temperature
limits; or the 
unit won’t read 
the temperature 
sensor.

The zone isn’t configured to read 
a temperature sensor.

Press SET and 
CONFIGURE to program 
the zone. (See Section 
5.1.1 for more information 
on configuring zones.)

2. The temperature 
reading is -20° F 
or -30° C.

The temperature sensor has been 
disconnected or has broken wires.

Examine the wires to tem-
perature sensor and con-
nect or replace wiring.

3. Temperature reads 
150° F
or 65° C.

Temperature sensor wires are 
touching or have shorted.

Verify and correct wiring.

4. Temperature
reading is 
inaccurate.

a) Temperature sensing 
may be affected by a
source of ambient heat (ie., 
direct sunlight, or heat duct 
proximity).

b) Temperature may require 
calibration.

c) The unit is using the 
wrong temperature scale 
(Fahrenheit vs. Celsius).

Try moving the unit to a 
different location.

After moving or placing 
the unit away from ambi-
ent heat sources, the tem-
perature may be calibrated 
to offset inaccurate normal 
reading by several degrees.  
Refer to Chapter 5, Section 
5.6.

Verify temperature scale. 
Refer to Chapter 5, Section 
5.5.

5. False high 
temperature alarms 
from freezer.

Most freezers have a defrost cycle 
during which the temperature will 
rise considerably, thus causing an 
alarm to occur.

Program an zone recogni-
tion time longer than the 
defrost cycle.

6. The Sensaphone 
calls with a high/
low temperature 
alarm but recites 
a temperature 
that’s within the 
programmed
limits.

The Sensaphone recites the 
“current” temperature when it 
calls you, not the temperature 
at the time the alarm occurred. 
It is likely that the temperature 
has changed since the time the 
alarm was detected and has since 
returned to normal operating 
conditions.

Shorten the Call Delay 
or lengthen the Zone 
Recognition Time.
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SOUND LEVEL MONITORING

Problem Cause Solution
1. False high sound 

alarms occur 
frequently.

The programmed sound 
sensitivity results in over-
sensitivity to non-alarm 
sound as well as alarm 
sound.

Sound Recognition Time is 
too short.

Reprogram the sound sen-
sitivity.  
Refer to Chapter 5, Section 
5.10.

Lengthen the sound 
Recognition Time.  
Refer to Chapter 5, Section 
5.10.

2. High sound does not 
cause an alarm.

The unit is not close 
enough to the high sound 
source, or the programmed 
sound setting results in a 
lack of sensitivity to high 
sound.

Move the unit closer or 
reprogram the sound sen-
sitivity.
Refer to Chapter 5, Section 
5.10.
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OTHER MONITORING

Problem Cause Solution
1. Alarm status of an 

alert zone is incorrect.
Incorrect zone normality. Reconfigure the zone.  

Refer to Chapter 5, Section 
5.1.

2. False power out 
alarms

Programmed Recognition 
Time  is too short.

AC power is often sub-
ject to brief interruptions. 
To avoid frequent, false 
alarms, increase  the power 
Recognition Time. Refer to 
Chapter 5, Section 5.9.

3. The Model 400 does 
not recognize power 
failure.

a) Batteries are either 
incorrectly installed 
or drained.

b)   Recognition time 
setting is too long.

To verify proper bat-
tery function, unplug the 
unit and verify continued 
operation using batteries 
only.  If unit ceases to 
function, first try reinstall-
ing the batteries.  If this is 
not successful,  replace the 
batteries. Refer to Chapter 
2, Section 2.4 for complete 
instructions.

Reprogram Recognition 
Time. Set the Recognition 
Time to the minimum 
required before a valid 
alarm occurs. If pos-
sible, test the condition by 
deliberately creating an 
alert condition.  Refer to 
Chapter 5, Section 5.9.
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4. The Model 400 does 
not  recognize any 
alarm.

a) Zones for alarm are 
disabled.

b) Programmed
Recognition Time is 
too long.

Enable the zones for alarm.  
Refer to Chapter 5, Section 
5.2.

Reprogram Recognition 
Time. Set the Recognition 
Time to the minimum 
required for a monitored 
condition to become a 
valid alarm. If possible, 
test the condition by delib-
erately creating an alert 
condition.
Refer to Chapter 5, Section 
5.3.

5. The batteries drain 
prematurely.

The unit’s AC transformer 
is unplugged  or for some 
other reason, full AC 
power is not available to 
the unit.

The batteries will take 
over powering the unit 
when the AC transformer 
is unplugged from the 120 
VAC outlet. When storing 
the unit, be sure to remove 
the batteries. Refer to 
Chapter 2, Section 2.4.
Be sure to use alkaline 
batteries—do not use 
rechargeable batteries.

If the solutions offered above do not appear to correct the problem, apply 
the following steps, in the order shown.

Refer to Chapter 2, Installation, for additional information on batteries 
and installation procedures.
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APPENDIX C: 400 QUICK REFERENCE
Parameter Description Key Sequence* Range Default

Call Delay Time delay until 
first call is made

[SET] or [WHAT IS]
+ [CALL DELAY]

Min: 00:00
Max 60:00
(min:sec)

00:30
(min:sec)

Voice Reps Number of times alarm 
message is repeated 

over the phone

[SET] or [WHAT IS]
+  [VOICE REPS]

Min: 1 rep
Max: 10 reps

3 reps

Intercall Time  Time delay between 
phone calls

[SET] or [WHAT IS] + 
[INTERCALL TIME]

Min: 00:10
Max: 60:00
(min:sec)

01:00
(min:sec)

Max Calls Number of calls until unit
self-acknowledges

[SET] or [WHAT IS] + 
[MAX CALLS]

Min: 1 call
Max: 255 calls

100 calls

Temp Limits High and low temperature 
alarm limits

[SET] or [WHAT IS] 
+ [TEMP LIMITS] + 

[zone #]

Min: -20°F/-30°C
Max: 150°F/65°C

Low: 10°F
High:100°F

Calibrate Temperature Correction 
factor

[SET] or [WHAT IS] + 
[CALIBRATE] + 

[zone #]

Min: -10°
Max: 10°

0°

Recognition 
Time: 

zones 1–4

Length of time a 
fault condition must exist

to trip an alarm

[SET] or [WHAT IS]+ 
[RECOGNITION

TIME]

Min: 00:00
Max: 540:00

(min:sec)

00:03
(min:sec)

Recognition 
Time: Power 

Failure

Length of time the 
power must be off 

to trip an alarm

[SET] or [WHAT IS] 
+[RECOGNITION
TIME]+[POWER]

Min: 0:00
Max: 540:00

(min:sec)

05:00
(min:sec)

Recognition 
Time: High 

Sound Level

Length of time the 
sound must be high

to trip an alarm

[SET] or [WHAT IS] 
+[RECOGNITION

TIME]

Min: 5
Max: 60

(sec)

00:08
(min:sec)

Clock Real time clock [SET] or [WHAT IS] 
+ [CLOCK] + [time] + 

[AM] or [PM]

12:00 AM

High Sound 
Level Alarm 
Sensitivity

Microphone sensitivity 
for high sound 

level alarm

[SET] or [WHAT IS] 
+ [CALIBRATE] + 

[SOUND]

Min: 1 unit
Max: 160 units

32 units

Listen Time Length of listen-in time 
during call-in status report

[SET] or [WHAT IS] + 
[LISTEN TIME]

Min: 0 sec
Max: 255 sec

15 sec

Rings
Until Answer

Number of rings until unit 
answers an incoming call

[SET] or [WHAT IS] + 
[RING]

Min: 1 ring
Max: 15 rings

4 rings
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Parameter Description Key Sequence*
Range/

Response Default
TAD Telephone Answering 

Device Compatibility
[SENSOR ON/OFF] 

+  [TAD]
Enable / Disable Disabled

ID Number Sets the unit’s telephone 
number

[SET] + [ID 
NUMBER]

0-16

Dialout Test Permits testing of dialout 
Telephone numbers

[SET] + [TEST]+ 
[1-8]

1-8

Output Mode Sets the relay output 
Mode

[SET]  + [OUTPUT] 1-4, *, #, PHONE Manual

Output
Control

Switches the relay output 
On or Off (manual mode)

[SENSOR ON/
OFF]  + 

[OUTPUT]

Off

Voice 
Message

Program or recite voice 
messages

[SET] or [WHAT 
IS] +  

[MESSAGE]+
[RECOGNITION
TiME] + [zone#]

0-4

Zone 
Configuration

Program or recite zone 
configuration

[SET] or [WHAT IS] 
+[CONFIG]

temp, NO, NC No

Call Progress Turns call progress 
Detection on or off

[SENSOR ON/
OFF] + 

[CONFIG]

Enable / Disable Enabled

Telephone
Number

Program or recite dialout 
telephone numbers

[SET] + [PHONE 
NUMBER] + [1-8] 

Status Report Recites a Status Report [WHAT IS] + 
[STATUS]

Run/Standby
Mode

Changes the operating 
mode between run and 

standby

[RUN/STANDBY] Run
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Parameter Description Key Sequence Response Default
Speaker Mute Turns off the speaker during 

alarm conditions
[SENSOR ON/OFF]

+ [MUTE]
On or Off off

Designating A
 Zone Unused

Removes zone from status 
and alarm reports

[SENSOR ON/OFF] + 
[SET] + [zone #]

On or Off On

Zone Enable/
Disable

Turns zone alarm 
detection on or off

[SENSOR ON/OFF] +  
[zone#]

Enabled / 
Disabled

Enabled

Power Alarm 
Enable/Disable

 Turns power alarm detection 
on or off

[SENSOR ON/OFF] + 
[POWER]

Enabled / 
Disabled

Enabled

Sound Alarm
Enable/Disable

Turns high sound level alarm 
detection on or off

[SENSOR ON/OFF] + 
[SOUND]

Enabled / 
Disabled

Enabled

Temperature Scale Selects between 
Fahrenheit and Celsius

[SENSOR ON/OFF] 
+ [F/C]

Fahrenheit or 
Celsius

Fahrenheit

Security Code Prohibits programming 
changes

[SET] or [WHAT IS] + 
[CODE]

+ [4 digit code]

none

Callback 
Acknowledgment

Turns Callback 
Acknowledgment on or off

[SENSOR ON/OFF] + 
[PHONE]

Enabled / 
Disabled

Disabled
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APPENDIX D: ACCESSORIES
The sensors listed below are available from Phonetics, Inc., and represent  
the most commonly used zone devices. Other dry contact sensors, designed 
for more specialized applications, may also be used. Commercial or indus-
trial electrical supply houses can provide devices to monitor virtually any 
condition.  For further information, contact Sensaphone Customer Service 
at 610-558-2700.

PART # SENSOR / SWITCH

FGD-0006 Magnetic Reed Switch
FGD-0007 Passive Infra-Red Detector
FGD-0010 50’ two-conductor #22AWG Shielded Cable
FGD-0013 Spot Water Detector
FGD-0022 Temp° Alert
FGD-0064 Surge Suppressor
FGD-0027 Humidistat
FGD-0049 Smoke Detector with Built-in Relay
FGD-0054 Power-Out Alert™
FGD-0056 Zone Water Detector w/Water Rope
FGD-0063 Additional 10’ Water Rope for FGD-0056
FGD-0064 Programmable Thermostat with Remote Setback
XFR-0024 12VDC Power Supply for Thermostat
FGD-0100 Remote Temperature Sensor
FGD-0101 Weatherproof Temperature Probe
FGD-0205 Multi-Point Wireless I/O System
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APPENDIX E: SPECIFICATIONS
ALERT ZONES

Number of Zones

Zone Connector: terminal block

Zone Types

Zone Characteristics
A/D Converter Resolution: 10 bits ±2 LSB

Zone Protection
clamps.

MICROPHONE

Internal Electret Condenser: For listening in to on-site sounds and detect-
ing high sound levels.

PHONE INTERFACE

Line RJ11 Jack

Extension RJ11 Jack w/ Line Seizure: For connecting other devices on the 

event that the 400 must dial out for an alarm. 

Phone Line Protection

LED INDICATOR

System On: On steady when the unit is in RUN mode. LED blinks once 
every few seconds while in STANDBY mode.

Phone In Use: On steady when the telephone line is being used. LED blinks 
when no dial tone is detected. Off when telephone line is not in use.

Alarm

Battery Ok: On steady when the battery is in good condition. Blinks when 
the battery is low. Off when the battery must be  replaced.

RELAY OUTPUT 
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POWER SUPPLY

Power Supply
cord.

Power Consumption: 1.5 Watts

Power Protection
Battery Backup
to 24 hours of back-up time.

ENVIRONMENTAL

Operating Temperature
Operating Humidity: 0–90% RH non-condensing

Storage Temperature

PHYSICAL

Dimensions
Weight: 2 lbs.

Enclosure: Indoor-rated plastic housing suitable for wall or desktop instal-
lation.

Alarm

Battery Ok: On steady when the battery is in good condition. Blinks when 
the battery is low. Off when the battery must be  replaced.
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APPENDIX F: RETURNING 
THE UNIT FOR REPAIR

In the event that the Model 400 does not function properly, we suggest that 
you do the following:

the unit to Sensaphone for repair.

If the unit must be sent to Sensaphone for Servicing, please do the follow-
ing:

and disconnect all sensors from the alert zones.

-

SERVICE DEPARTMENT
SENSAPHONE
901 Tryens Road
Aston, PA  19014

-
ment with recourse for damage or replacement.
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APPENDIX G: TEST LOG
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 MODEL NO. CALIBRATED NOMINAL SPAN RANGE PROOF  
  RANGE RANGE  min/max LIMITS PRESSURE
   (psi) (Bar) (Bar) (Bar) (Bar)

 GAUGE PRESSURE

 PX764-005GI 0-5 0-0.35 0.035/0.735 -0.3675/+0.3675 2

 PX764-015GI 0-15 0-1 0.1/2.05 -1/+1.05 6

 PX764-030GI 0-30 0-2.5 0.25/3.625 -1/+2.625 10

 PX764-060GI 0-60 0-5 0.5/6.25 -1/+5.25 16

 PX764-150GI 0-150 0-10 1/11.5 -1/+10.5 30

 PX764-400GI 0-400 0-30 3/32.5 -1/+31.5 75

 ABSOLUTE PRESSURE

 PX764-005AI 0-5 0-.35 0.035/0.3675 0/0.3675 2

 PX764-015AI 0-15 0-1 0.1/1.05 0/1.05 6

   PX764-030AI          0-30            0-2.5          0.25/2.625             0/2.625   10

 PX764-060AI 0-60 0-5 0.5/5.25 0/5.25 16

 PX764-150AI 0-150 0-10 1/10.5 0/10.5 30

PX764 ≥ 15 PSI

PX764-005GI and PX764-005AI
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The transmitter is supplied for direct mounting by the fittings. A mounting bracket is available for fixing to a DN 50 pipe, 
horizontal or vertical or used for surface mounting. Refer to dimensional drawing for details and clearances.The housing 
position does not affect the instrument operation.

PX764
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horizontal or vertical 

The graph shown in Fig. 5 gives the minimum supply voltage required. The value can also be obtained from the following          



7

PX764

PX764

07
07001 001



8

OMEGA Engineering.



⇒

⇒

⇒

⇒

⇒

⇒

9

PX764

to



10

⇒
⇒
⇒
⇒
⇒

⇒
⇒
⇒
⇒
⇒

⇒
⇒
⇒
⇒
⇒
⇒
⇒
⇒
⇒
⇒
⇒
⇒

⇒
⇒



11

⇒
⇒
⇒
⇒
⇒

⇒
⇒
⇒
⇒
⇒
⇒
⇒

  

⇒
⇒
⇒
⇒
⇒



12

⇒

⇒
⇒

⇒

⇒
⇒
⇒
⇒

⇒
⇒
⇒
⇒
⇒
⇒
⇒

   



13

⇒
⇒
⇒
⇒

⇒
⇒
⇒
⇒

⇒
⇒
⇒

⇒



14

µ

⇒

⇒ ⇒

⇒

⇒ ⇒

⇒ ⇒

⇒
⇒

⇒ ⇒



15

⇒

⇒
⇒

⇒ ⇒

⇒
⇒

⇒

OMEGA Engineering.

OMEGA Engineering.



WARRANTY/DISCLAIMER
OMEGA ENGINEERING, INC. warrants this unit to be free of defects in materials and workmanship for a
period of 13 months from date of purchase. OMEGA’s WARRANTY adds an additional one (1) month
grace period to the normal one (1) year product warranty to cover handling and shipping time. This
ensures that OMEGA’s customers receive maximum coverage on each product. 
If the unit malfunctions, it must be returned to the factory for evaluation. OMEGA’s Customer Service
Department will issue an Authorized Return (AR) number immediately upon phone or written request.
Upon examination by OMEGA, if the unit is found to be defective, it will be repaired or replaced at no
charge. OMEGA’s WARRANTY does not apply to defects resulting from any action of the purchaser,
including but not limited to mishandling, improper interfacing, operation outside of design limits, 
improper repair, or unauthorized modification. This WARRANTY is VOID if the unit shows evidence of 
having been tampered with or shows evidence of having been damaged as a result of excessive corrosion;
or current, heat, moisture or vibration; improper specification; misapplication; misuse or other operating
conditions outside of OMEGA’s control. Components in which wear is not warranted, include but are not 
limited to contact points, fuses, and triacs.
OMEGA is pleased to offer suggestions on the use of its various products. However, 
OMEGA neither assumes responsibility for any omissions or errors nor assumes liability for any
damages that result from the use of its products in accordance with information provided by
OMEGA, either verbal or written. OMEGA warrants only that the parts manufactured by it will be
as specified and free of defects. OMEGA MAKES NO OTHER WARRANTIES OR 
REPRESENTATIONS OF ANY KIND WHATSOEVER, EXPRESS OR IMPLIED, EXCEPT THAT OF TITLE,
AND ALL IMPLIED WARRANTIES INCLUDING ANY WARRANTY OF MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR PURPOSE ARE HEREBY DISCLAIMED. LIMITATION OF 
LIABILITY: The remedies of purchaser set forth herein are exclusive, and the total liability of 
OMEGA with respect to this order, whether based on contract, warranty, negligence, 
indemnification, strict liability or otherwise, shall not exceed the purchase price of the 
component upon which liability is based. In no event shall OMEGA be liable for 
consequential, incidental or special damages.
CONDITIONS:  Equipment sold by OMEGA is not intended to be used, nor shall it be used: (1) as a “Basic
Component” under 10 CFR 21 (NRC), used in or with any nuclear installation or activity; or (2) in medical
applications or used on humans. Should any Product(s) be used in or with any nuclear installation or
activity, medical application, used on humans, or misused in any way, OMEGA assumes no responsibility
as set forth in our basic WARRANTY/DISCLAIMER language, and, additionally, purchaser will indemnify
OMEGA and hold OMEGA harmless from any liability or damage whatsoever arising out of the use of the
Product(s) in such a manner.

RETURN REQUESTS/INQUIRIES
Direct all warranty and repair requests/inquiries to the OMEGA Customer Service Department. BEFORE
RETURNING ANY PRODUCT(S) TO OMEGA, PURCHASER MUST OBTAIN AN AUTHORIZED RETURN
(AR) NUMBER FROM OMEGA’S CUSTOMER SERVICE DEPARTMENT (IN ORDER TO AVOID
PROCESSING DELAYS). The assigned AR number should then be marked on the outside of the return
package and on any correspondence.
The purchaser is responsible for shipping charges, freight, insurance and proper packaging to prevent
breakage in transit. 

FOR WARRANTY RETURNS, please have the 
following information available BEFORE 
contacting OMEGA:
1. Purchase Order number under which the product

was PURCHASED,
2. Model and serial number of the product under

warranty, and
3. Repair instructions and/or specific problems 

relative to the product.

FOR NON-WARRANTY REPAIRS, consult OMEGA
for current repair charges. Have the following
information available BEFORE contacting OMEGA:
1. Purchase Order number to cover the COST 

of the repair,
2. Model and serial number of the product, and
3. Repair instructions and/or specific problems 

relative to the product.

OMEGA’s policy is to make running changes, not model changes, whenever an improvement is possible. This affords
our customers the latest in technology and engineering.
OMEGA is a registered trademark of OMEGA ENGINEERING, INC.
© Copyright 2007 OMEGA ENGINEERING, INC. All rights reserved. This document may not be copied, photocopied,
reproduced, translated, or reduced to any electronic medium or machine-readable form, in whole or in part, without the
prior written consent of OMEGA ENGINEERING, INC.
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Where Do I Find Everything I Need for 
Process Measurement and Control? 

OMEGA…Of Course!
Shop online at omega.com

TEMPERATURE
�� Thermocouple, RTD & Thermistor Probes, Connectors, Panels & Assemblies
�� Wire: Thermocouple, RTD & Thermistor
�� Calibrators & Ice Point References
�� Recorders, Controllers & Process Monitors
�� Infrared Pyrometers

PRESSURE, STRAIN AND FORCE
�� Transducers & Strain Gages
�� Load Cells & Pressure Gages
�� Displacement Transducers
�� Instrumentation & Accessories

FLOW/LEVEL
�� Rotameters, Gas Mass Flowmeters & Flow Computers
�� Air Velocity Indicators
�� Turbine/Paddlewheel Systems
�� Totalizers & Batch Controllers

pH/CONDUCTIVITY
�� pH Electrodes, Testers & Accessories
�� Benchtop/Laboratory Meters
�� Controllers, Calibrators, Simulators & Pumps
�� Industrial pH & Conductivity Equipment

DATA ACQUISITION
�� Data Acquisition & Engineering Software
�� Communications-Based Acquisition Systems
�� Plug-in Cards for Apple, IBM & Compatibles
�� Datalogging Systems
�� Recorders, Printers & Plotters

HEATERS
�� Heating Cable
�� Cartridge & Strip Heaters
�� Immersion & Band Heaters
�� Flexible Heaters
�� Laboratory Heaters

ENVIRONMENTAL
MONITORING AND CONTROL
�� Metering & Control Instrumentation
�� Refractometers
�� Pumps & Tubing
�� Air, Soil & Water Monitors
�� Industrial Water & Wastewater Treatment
�� pH, Conductivity & Dissolved Oxygen Instruments
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VS1SP
AC V/Hz and Sensorless Vector 
Control



Any trademarks used in this manual are the property of their respective owners.

Important: 
Be sure to check www.baldor.com for the latest software, firmware and drivers for your VS1SP product. Also you can 
download the latest version of this manual in Adobe Acrobat PDF format.
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Chapter 1
Introduction  

The information in this manual supports firmware versions up through 1.23.
This manual is intended for qualified electrical personnel familiar with installing, programming and maintaining AC Drives. 
This manual contains information on:

Installing and wiring the VS1SP drive
Programming the drive
Troubleshooting the drive

1.1  Getting Assistance from Baldor

For technical assistance, contact your Baldor District Office. Before calling, please review the troubleshooting section of this 
manual. You will be asked for the drive model number or catalog number that is located on the nameplate along with the 
drive serial number.

1.2  Safety Notices

This equipment contains voltages that may be as high as 1000 volts! Electrical shock can cause serious or fatal injury. Only 
qualified personnel should attempt the start-up procedure or troubleshoot this equipment.
This equipment may be connected to other machines that have rotating parts or parts that are driven by this equipment.  
Improper use can cause serious or fatal injury. Only qualified personnel should attempt the start-up procedure or 
troubleshoot this equipment.

CLASSIFICATIONS OF CAUTIONARY STATEMENTS

        WARNING: Indicates a potentially hazardous situation which, if not avoided, could result in injury or death.

        CAUTION:      Indicates a potentially hazardous situation which, if not avoided, could result in damage to   
   property.

PRECAUTIONS

 WARNING: Do not touch any circuit board, power device or electrical connection before you first ensure  
   that power has been disconnected and there is no high voltage present from this equipment or  
   other equipment to which it is connected. Electrical shock can cause serious or fatal injury. Only  
   qualified personnel should attempt the start-up procedure or troubleshoot this equipment.

 WARNING: Be sure that you are completely familiar with the safe operation of this equipment. This equipment  
   may be connected to other machines that have rotating parts or parts that are controlled by this  
   equipment. Improper use can cause serious or fatal injury. Only qualified personnel should   
   attempt the start-up procedure or troubleshoot this equipment.

 WARNING:      Do not use motor overload relays with an automatic reset feature. These are dangerous since the  
   process may injure someone if a sudden or unexpected automatic restart occurs. If manual reset  
   relays are not available, disable the automatic restart feature using external control wiring.

 WARNING: This unit has an automatic restart feature that will start the motor whenever input power is   
   applied  and a RUN (FWD or REV) command is issued. If an automatic restart of the motor could  
   cause injury to personnel, the automatic restart feature should be disabled. 

 WARNING: Be sure the system is properly grounded before applying power. Do not apply AC power before  
   you ensure that all grounding instructions have been followed. Electrical shock can cause serious  
   or fatal injury.

 WARNING: Do not remove cover or open door for at least five (5) minutes after AC power is disconnected to  
   allow capacitors to discharge. Dangerous voltages are present inside the equipment. Electrical  
   shock can cause serious or fatal injury.
 
 WARNING: Improper operation of control may cause violent motion of the motor shaft and driven equipment.  
   Be certain that unexpected motor shaft movement will not cause injury to personnel or damage 
   to equipment. Certain failure modes of the control can produce peak torque of several times the  
   rated motor torque.

 WARNING: Motor circuit may have high voltage present whenever AC power is applied, even when motor is  
   not rotating.  Electrical shock can cause serious or fatal injury.

 WARNING: Dynamic brake resistors may generate enough heat to ignite combustible materials. Keep all  
   combustible materials and flammable vapors away from brake resistors.
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 WARNING: The motor shaft will rotate during the autotune procedure. Be certain that unexpected motor shaft  
   movement will not cause injury to personnel or damage to equipment. 
 
 WARNING:    MEDICAL DEVICE/PACEMAKER DANGER - Magnetic and electromagnetic fields in the vicinity  
   of current carrying conductors and industrial motors can result in a serious health hazard to 
   persons with cardiac pacemakers, internal cardiac defibrillators, neurostimulators, metal   
   implants, cochlear implants, hearing aids, and other medical devices. To avoid risk, stay away  
   from the area surrounding a motor and its current carrying conductors.

 CAUTION: Disconnect motor leads (T1, T2 and T3) from control before you perform a dielectric withstand  
   (insulation) test on the motor. Failure to disconnect motor from the control will result in extensive  
   damage to the control. The control is tested at the factory for high voltage/leakage resistance as  
   part of the Underwriters Laboratory requirements.

 CAUTION: Suitable for use on a circuit capable of delivering not more than the RMS symmetrical short circuit  
   amperes listed here at rated voltage.
   Horsepower  RMS Symmetrical Amperes
        1-50                  5,000
      51-200               10,000
    201-400  18,000
    401-600  30,000
    601-900  42,000

 CAUTION: Do not connect AC power to the Motor terminals T1, T2 and T3. Connecting AC power to these  
   terminals may result in damage to the control.

 CAUTION: Baldor does not recommend using “Grounded Leg Delta” transformer supplies that may create  
   ground loops. Instead, we recommend using a four wire Wye.

 CAUTION: Do not supply any power to the External Trip (motor thermostat) leads at TH1 and TH2. Power on  
   these leads can damage the control. Use a dry contact type that requires no external power to  
   operate.

 CAUTION: If a customer installed Dynamic Brake (DB) hardware mounting is in any position other than   
   vertical, the DB hardware must be derated by 35% of its rated capacity. 

 CAUTION: Before external Dynamic Brake Hardware is added, the internal resistor must be disconnected  
   (frames AA, B, C and D only). Remove the resistor from the B+/R1 and R2 terminals and insulate  
   the leads to avoid accidental connection to drive circuity. The external resistor can be connected  
   across these terminals. Failure to remove the internal resistor will decrease the total resistance  
   (parallel connection) and cause damage.

 CAUTION: Do not set Level 2, Drive Configure, Power Input parameter to Common Bus if AC power 
   is  connected to L1, L2 or L3. Common Bus requires numerous changes. Contact Baldor for 
   information.

 CAUTION: Only Baldor cables should be used to connect the keypad and control. These are special twisted  
   pair cables to protect the control and keypad. Damage associated with other cable types are not  
   covered by the Baldor warranty.

 CAUTION: If an M-Contactor is installed, the control must be disabled for at least 200msec before the   
   M-Contactor is opened. If the M-Contactor is opened while the control is supplying voltage and  
   current to the motor, the control may be damaged. Before the control is enabled, the M-Contactor  
   must be closed for at least 200msec.

 CAUTION: Use of power correction capacitors on the output of the drive can result in erratic operation   
   of the motor, nuisance tripping, and/or permanent damage to the drive. Remove power   
   correction capacitors before proceeding. Failure to observe this precaution could result in   
   damage to, or destruction of, the equipment.

 CAUTION: Do not connect any shields to the encoder case or motor frame. The encoder +5/12VDC supply  
   at pins 8 and 9 of the encoder board is referenced to circuit board common. Do not connect any  
   shields to ground or another power supply or damage to the control may result.

 CAUTION: Motor thermostat leads must be routed in a separate conduit than the motor power leads. Failure  
   to isolate these connections may cause nuisance trips, misoperation or component failure.
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1.3  Quick Start (Quick Start Guide MS764 is also available separately from www.baldor.com.)

If you are an experienced user of Baldor controls, you are probably already familiar with the keypad programming and 
keypad operation methods. If so, this quick start guide has been prepared for you. This procedure will help get your system 
up and running in the keypad mode quickly and allows motor and control operation to be verified. This procedure assumes 
that the Control, Motor and Dynamic Brake hardware are correctly installed (see Chapters 3, 4, and 5 for procedures) 
and that you have an understanding of the keypad programming and operation procedures. Figure 1-1 shows minimum 
connection requirements. It is not necessary to wire the terminal strip to operate in Keypad mode (Chapter 5 describes 
terminal strip wiring procedures). 
The quick start procedure is as follows:
1. Read the Safety Notice and Precautions in this Chapter.
2. Mount the control. Refer to Chapters 3, 4, and 5 “Physical Location” procedure.
3. Connect AC power ensuring source voltage matches drive voltage (Figure 1-1). See wire and fuse size guidelines in 

Chapter 4. Torque connections per Table A-2.
4. Connect the motor ensuring motor is wired for same voltage as drive (Figure 1-1). Torque connections per Table A-2. Do 

not couple the motor shaft to the load until auto tune is complete.
5. Install Dynamic brake hardware, if required. Refer to Chapter 4 “Optional Dynamic Brake Hardware.”
6. Connect motor thermostat leads to TH1 and TH2 after removing factory supplied jumper. Be sure to route these leads in 

a separate conduit from the motor power leads.
   CAUTION: After completing the installation but before you apply power, be sure to check the following   
   electrical items:

1. Verify AC line voltage at source matches control rating.
2. Inspect all power connections for accuracy, workmanship and torques as well as compliance to codes.
3. Verify control and motor are grounded to each other and the control is connected to earth ground.
4. Check all signal wiring for accuracy.
5. Be certain all brake coils, contactors and relay coils have noise suppression. This should be an R-C filter for AC coils and 

reverse polarity diodes for DC coils. MOV type transient suppression is not adequate. 
   CAUTION: Make sure that unexpected operation of the motor shaft during start up will not cause injury to  
   personnel or damage to equipment.

Procedure - Initial Conditions
Be sure the Control, Motor and Dynamic Brake hardware are wired according to the procedures described in Chapters 4 
and 5 of this manual. Become familiar with the keypad programming and keypad operation of the control as described in 
Chapter 6 of this manual.
1. Remove all power from the control.
2. Verify that any enable inputs to J2-8 are open (remove factory jumper from J2-8 to J3-24).
3. Uncouple the motor from the load (including coupling or inertia wheels).
4. Turn power on. Be sure there are no faults displayed. If a fault is indicated, refer to Chapter 9 “Troubleshooting”.
5. Select “Advanced Prog”, “Level 2 Blocks”, “Drive Config” and set the parameter “Factory Settings” to “Yes”. This will 

change all parameters to Factory Default.
6. Set the Level 2 Drive Limits block, “OPERATING ZONE” parameter as desired. 
         (STD CONST TQ, STD VAR TQ, QUIET CONST TQ or QUIET VAR TQ).
7. If external dynamic brake hardware is used, set the Level 2 Brake Adjust block “Resistor Ohms” and “Resistor Watts” 

parameters (see parameter description in Chapter 7 for more information).
8. Enable the control (J2-8 connect to J3-24).

   CAUTION: The motor shaft will rotate during this procedure. Be certain that unexpected motor shaft   
   movement will not cause injury to personnel or damage to equipment.

9. Select Basic Params from the main keypad menu. Perform each step including motor data and “Calc Motor Model”.
10. For more advanced tuning of the uncoupled motor to the drive, see the Autotune parameters in Level 2 programming. 
11. Remove all power from the control.
12. Couple the motor to its load.
13. Verify freedom of motion of motor shaft.
14. Verify the motor coupling is tight without backlash.  
15. Verify the holding brakes, if any, are properly adjusted to fully release and set to the desired torque value.  
16. Turn power on. Be sure no errors or faults are displayed.
17. Run the drive from the keypad using one of the following: the arrow keys for direct speed control, a keypad entered 

speed or the JOG mode.
18. Select and program additional parameters to suit your application.

The control is now ready for use in the keypad mode. If a different operating mode is desired, refer to Chapter 5 Operating 
Modes and Chapter 6 and 7 for Programming and Operation.

For more advanced tuning of the drive speed loop once coupled to the load, see “Speed Loop Tune” in “Autotune Block” in 
Chapter 7.
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Figure 1-1  Minimum Connection Diagram

Example of Terminal Strip Layout

Input AC 
Power

Earth  Ground

DB Resistor 
(Internal)

GNDTH2TH1T3T2T1B-R2
R1/B+

L3L2L1

G

T3
T2

T1

TH2
TH1Motor

Motor Leads
Motor Thermal
      Leads*

Fuses

AC Power & Motor Connections

Minimum Signal Connections

Terminals 1 to 7 (J1)
1 User Analog Return
2 Analog Input #1
3 Analog Ref. Power
4 Analog Input #2 +
5 Analog Input #2 -
6 Analog Output #1
7 Analog Output #2

Terminals 8 to 20 (J2)
8 Enable Input
9 Digital Input #1
10 Digital Input #2
11 Digital Input #3
12 Digital Input #4
13 Digital Input #5
14 Digital Input #6
15 Digital Input #7
16 Digital Input #8
17 Digital Out #1+ (Collector)
18 Digital Out #1- (Emitter)
19 Digital Out #2+ (Collector)
20 Digital Out #2- (Emitter)

For keypad operation, only Enable (J2-8) is required.

J1

J2

J3

USB Port

1

8

21

Terminals 21 to 30 (J3)
21 External User +24V Return
22 External User +24V
23 Internal +24V
24 Internal +24V Return
25 Relay Out 1 NC
26 Relay Out 1 COM
27 Relay Out 1 NO
28 Relay Out 2 NC
29 Relay Out 2 COM
30 Relay Out 2 NO

GND

**

Note:  The control enable input must be active to allow operation. Therefore, J2-8 Enable is connected by a factory installed  
           jumper to J3-24. This uses the internal supply and provides an active low at J2-8.

* Remove TH1 and TH2 jumper if Motor Thermal Leads are connected.
  Note:  Motor thermal leads must be run in a separate conduit from motor power leads. 
  Note:  An open circuit on these terminals will generate a motor overtemperature fault. Refer to the fault / troubleshooting  
             information provided in Chapter 9.
** See Figure 4-3 for terminal arrangement for the various frame sizes.
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Chapter 2
General Information  

The VS1SP control uses flux vector technology. Flux vector technology (sometimes referred to as Field Oriented Control) is 
a control scheme that uses an algorithm to adjust the frequency and phase of voltage and current applied to a three phase 
induction motor. 

The control’s rated output power is based on the use of a NEMA design B four pole motor and 60Hz operation at nominal 
rated input voltage. If any other type of motor is used, the control should be sized to the motor using the rated current of 
the motor. The control may be used in various applications. It may be programmed by the user to operate in four different 
operating zones: standard or quiet and constant torque or variable torque. It can also be configured to operate in a number 
of modes depending upon the application requirements and user preference. It is the responsibility of the user to determine 
the optimum operating zone and mode to interface the control to the application. These choices are made with the keypad 
as explained in Chapter 6 of this manual. 

2.1  Limited Warranty

For a period of two (2) years from the date of original purchase, BALDOR will repair or replace without charge controls 
and accessories which our examination proves to be defective in material or workmanship. This warranty is valid if the 
unit has not been tampered with by unauthorized persons, misused, abused, or improperly installed and has been used 
in accordance with the instructions and/or ratings supplied. This warranty is in lieu of any other warranty or guarantee 
expressed or implied. BALDOR shall not be held responsible for any expense (including installation and removal), 
inconvenience, or consequential damage, including injury to any person or property caused by items of our manufacture or 
sale. (Some states do not allow exclusion or limitation of incidental or consequential damages, so the above exclusion may 
not apply.)  In any event, BALDOR’s total liability, under all circumstances, shall not exceed the full purchase price of the 
control. Claims for purchase price refunds, repairs, or replacements must be referred to BALDOR with all pertinent data as to 
the defect, the date purchased, the task performed by the control, and the problem encountered. No liability is assumed for 
expendable items such as fuses. 

Goods may be returned only with written notification including a BALDOR Return Authorization Number and any return 
shipments must be prepaid. 

2.2  Standards

The VS1SP drives have been designed and tested to comply with the following standards.

2.2.1  Design and Test Standards
UL508C: Power Conversion Equipment.
UL840: Insulation coordination including clearance and creepage distances for electrical equipment.
CSA C22.2 No. 14: Industrial Control Equipment.
EN61800-5-1: Adjustable speed electrical power drive systems. Safety requirements.

            Electrical, thermal and energy.
EN50178: Electronic equipment for use in power installations.
EN60529: Degrees of protection provided by enclosures.
EN61800-3: When installed as directed in this manual, VS1SP drives conform to the category C3 emission limits and the     

                        ‘second environment’ immunity requirements defined by this standard.

2.2.2  Environmental Test Standards
EN60068-1: Environmental testing, general and guidance.
EN60068-2-2: Environmental testing, Test B. Dry heat.
EN60068-2-78: Environmental testing, Test cab. Damp heat, steady state.
EN60068-2-6: Vibration testing.

2.2.3  Marks

   
                                                                                                   
See also Appendix C for general recommendations for CE compliance.
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Chapter 3
Installing the Drive  

This chapter provides information that must be considered when planning a VS1SP drive installation and provides drive 
mounting information and installation site requirements. 

3.1  Receiving & Inspection

When you receive your control, there are several things you should do immediately.
1. Observe the condition of the shipping container and report any damage immediately to the commercial carrier that 

delivered your control.
2. Remove the control from the shipping container and remove all packing materials from the control. The container and 

packing materials may be retained for future shipment.
3. Verify that the catalog number of the control you received is the same as the catalog number listed on your purchase 

order.  
4. Inspect the control for external physical damage that may have been sustained during shipment and report any damage 

immediately to the commercial carrier that delivered your control.
5. If the control is to be stored for several weeks before use, make sure that it is stored in a location that conforms to 

published storage humidity and temperature specifications stated in this manual.

3.2  General Requirements for the Installation Site

It is important to ensure that the drive’s environment and operating conditions are satisfactory. The area behind the drive 
must be kept clear of all control and power wiring. Power connections may create electromagnetic fields that may interfere 
with control wiring or components when run in close proximity to the drive. 
Read the recommendations in the following sections before continuing with the drive installation.

3.2.1  Location Instructions
Before deciding on an installation site, consider the following guidelines:

Protect the cooling fan by avoiding dust or metallic particles.
Do not expose the drive to a corrosive atmosphere.
Protect the drive from moisture and direct sunlight.
Verify that the drive location will meet the environmental conditions specified in Table 3-1.

Table 3-1  Ambient Temperatures and Mounting Clearances

Frame Size
Ambient Temperature

Enclosure Rating
Minimum Mounting Clearances

Minimum Maximum Top & Bottom Left & Right Sides

AA

-10°C (14°F)

45°C
NEMA 1

2 inches (50mm)

2 inches (50mm)
NEMA 4X 0 inches (0mm)

B
45°C NEMA 1 2 inches (50mm)
40°C NEMA 4X 0 inches (0mm)

C

45°C NEMA 1
2 inches (50mm)D

E
F Not Required

3.2.2  Minimum Mounting Clearances
Be sure to provide proper top, bottom and side clearance per Table 3-1.

3.3  Mounting the Drive

Mount the drive upright on a flat, vertical surface. Avoid mounting the drive in locations that would subject the drive to 
vibration in excess of the 0.5G RMS rating (e.g. adjacent to a large punch press).

3.3.1  Protecting the Drive from Debris
Drives supplied in NEMA 1 enclosures must be protected from debris falling through the drive vents during installation and  
operation. The drive is designed to operate in NEMA1 Type installations. The atmosphere must not contain airborne   
particles that can collect on the internal circuitry of the drive, especially conductive particles. Drives supplied in NEMA 4X  
enclosures are designed for harsh environments including dust and water. NEMA 1 and NEMA 4X drives are for indoor use 
only.
Note:  F-Frame Size drives are supplied with door mounted filters that are replaceable. The replacement filter part number    
           is available on a label next to the filter on the inside of the door. If the user desires, these filters can also be cleaned   
           by blowing or vacuuming out any collected debris as long as the filter media remains intact. See section 12.2 for  
         instructions for optionally setting the drive’s real time clock to provide an alert message or output at regular cleaning  
         intervals.

3.3.2  Watts Loss Data
Table 3-2  Watts Loss Data

Frame Size
240VAC 480VAC 600VAC

2.5kHz PWM 8.0kHz PWM 2.5kHz PWM 8.0kHz PWM 2.5kHz PWM 8.0kHz PWM

AA, B, C, D, E and F 50Watts +
(14 W/Amp)

50Watts +
(17 W/Amp)

50Watts +
(17 W/Amp)

50Watts +
(26 W/Amp)

50Watts +
(18 W/Amp)

50Watts +
(25 W/Amp)

Example: At 2.5kHz, a 3hp, 240VAC control draws 10Amps. Watts loss = 50W + (10x14) = 190Watts
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3.4  Cover Removal (NEMA 1 Drives):

To connect power and signal wires, the cover must be removed (AA, B, C, D and E frame drives). This procedure describes 
how to access all terminal connections inside the control.
1. Remove the four cover screws shown in Figure 3-1.
2. Lift and remove the cover.
3. Press in the two Cover Releases (Control) and rotate the control cover open as shown.
4. For E-frame drives, two additional screws must be removed from conduit box to gain access to the power conduit 

openings.

Figure 3-1  Cover Removal
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3.5  Cover Removal Procedure (NEMA 4X Frames AA and B):

 CAUTION:  Failure to follow this procedure may result in damage to the controller cover gasket which will  
   cause improper sealing and inability to maintain specified NEMA 4X ratings. 

1. While supporting cover, remove all cover screws reserving for usage when replacing cover.
2. Do not use any kind of tool to pry the cover away from the drive to avoid damaging the gasket or surrounding plastic. 
3. Separate cover from base a short distance by pulling it away from the drive while being careful to not pull on the keypad 

cable which is attached to both the cover and the control board.
4. Disconnect the keypad cable from the keypad board connector on the inside of the cover by pressing in on the retention 

clip and gently pulling the cable out of the connector.
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3.6  Cover Replacement Procedure (NEMA 4X Frames AA and B):

 CAUTION:  Failure to follow this procedure may result in damage to the controller cover gasket which will  
   cause improper sealing and inability to maintain specified NEMA 4X ratings. 

1. While holding the cover close to the controller, plug the keypad cable (disconnected in step 4 above) into the connector 
on the keypad board making sure that the retention clip snaps into place.

2. Check that keypad cable is not overlapping any of the cover edges while placing cover on drive. Ensure that gasket is 
seated in cover groove around the complete perimeter of the cover without any folds. 

3. While holding the cover against the base, insert, start and tighten all cover screws and tighten only to the point of contact 
with the cover while following the numerical sequence outlined in the diagram below.

4. Using the numerical sequence on the following figure, tighten each screw to 15 in-lbs. of torque.
5. Do not over-tighten ensuring that the cover is seated flush around complete perimeter of base.

Figure 3-2  Cover Replacement (NEMA 4X)
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 Maximum cover screw torque:
15 in-lbs. (see above procedure)

 Maximum cover screw torque:
15 in-lbs. (see above procedure)
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Chapter 4
Power Wiring  

4.1  Grounding the Drive

Baldor does not recommend using “Grounded Leg Delta” transformer power leads that may create ground loops. Instead 
we recommend using a four wire Wye. Baldor drives are designed to be powered from standard three phase lines that are 
electrically symmetrical with respect to ground. System grounding is an important step in the overall installation to prevent 
problems. The recommended grounding method is shown in Figure 4-1.

Figure 4-1  Recommended System Grounding
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Reactor

Route all 4 wires L1, L2, L3 and Earth (Ground)
together in conduit or shielded cable.

Route all 4 wires T1, T2, T3 and Motor Ground together
in conduit or shielded cable.

Connect all wires (including motor ground)
inside the motor terminal box.

Ground per NEC and 
Local codes.

Note:

Motor thermal leads must be run in
separate conduit from motor power
leads. 

Note: An optional separately
purchased load reactor is
recommended. 

Note: A line reactor is recommended 
and must be purchased separately..

DriveSee recommended tightening torques in Table A-2. TH1
TH2
GND Wiring shown for clarity of 

grounding method only. Not 
representative of actual terminal 
block arrangement.

Note:

4.1.1  Ungrounded Distribution System
With an ungrounded power distribution system it is possible to have a continuous current path to ground through the MOV 
devices internal to the VS1SP. To avoid equipment damage, an isolation transformer with a WYE grounded secondary is 
recommended. This provides three phase AC power that is symmetrical with respect to ground. 

4.1.2  Input Power Conditioning
Baldor drives are designed for direct connection to standard three phase lines that are electrically symmetrical with respect 
to ground. An AC line reactor or an isolation transformer may be required for some power conditions. 

If the feeder or branch circuit that provides power to the drive has permanently connected power factor correction 
capacitors, an input AC line reactor or an isolation transformer must be connected between the power factor correction 
capacitors and the drive. 
If the feeder or branch circuit that provides power to the drive has power factor correction capacitors that are switched on 
line and off line, the capacitors must not be switched while the drive is connected to the AC power line. If the capacitors 
must be switched while the drive is connected to the AC power line, additional protection is required. TVSS (Transient 
Voltage Surge Suppressor) of the proper rating must be installed on the drive input between the drive and any type of 
input impedance such as an input reactor or drive isolation transformer.

4.2  Line Impedance

Baldor VS1SP drives require 1% line impedance minimum (3% for AA frame size drives and B Frame NEMA 4X drives). If the 
impedance of the incoming power does not meet this requirement, a 3 phase line reactor can be used to provide the needed 
impedance in most cases. The input impedance of the power lines can be determined as follows:
Measure the line to line voltage at no load and at full rated load. 
Use these measured values to calculate impedance as follows:

% Impedance = 
 No Load                  Full LoadVolts                   Volts

x 100      
 No Load                       Volts                      
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4.2.1  Line Reactors
Three phase line reactors are available from Baldor. The line reactor to order is based on the full load current of the motor 
(FLA). If providing your own line reactor, use the following formula to calculate the minimum inductance required.  

Where: 

  
 

  
  
   
  

L   =  
X(I X √ 3 377)

0.01)L- L (V  X

L Minimum inductance in Henries.

L- LV Input volts measured line to line.

0.01 Desired percentage of input impedance 1%. (Note: Change this value to
                                                                                               0.03 for AA Frame size drives 
                                                                                               and for B Frame size NEMA 4X 
                                                                                               drives.)  

I Input current rating of drive.

377 Constant used with 60 Hz power.
Use 314 if input power is 50 Hz.

4.2.2  Load Reactors
Line reactors may be used at the drive output to the motor. When used this way, they are called Load Reactors. Load 
reactors serve several functions that include: 

Protect the drive from a short circuit at the motor.
Limit the rate of rise of motor surge currents.
Slowing the rate of change of power the drive delivers to the motor.

Load reactors should be installed as close to the drive as possible. Selection should be based on the motor nameplate FLA 
value.

4.3  Line Disconnect
A power disconnect should be installed between the input power service and the drive for a fail safe method to disconnect 
power. This drive will remain in a powered-up condition until all input power is removed from the drive and the internal bus 
voltage is depleted. 

4.4  Protective Devices
NOTE: Integral solid state short circuit protection does not provide branch circuit protection. Branch circuit protection must    
            be provided in accordance with the National Electrical Code and any additional local codes.
Recommended fuse sizes are based on the following:
115% of maximum continuous drive input current for time delay.
150% of maximum continuous drive input current for Fast or Very Fast action.
Note:  These recommendations do not consider harmonic currents or ambient temperatures greater than 45°C. Be sure a 
suitable input power protection device is installed. Use the recommended fuses and wire sizes shown in Tables 4-1 through 
4-6. Wire size is based on the use of copper conductor wire rated at 75 °C. The table is specified for NEMA B motors. 
 Fast Action Fuses:  240VAC, Buss® KTN 
    480VAC, Buss® KTS to 600A (KTU for 601 to 1200A) 
    600VAC, Buss® KTS to 600A (KTU for 601 to 1200A) 
 Very Fast Action:  240VAC, Buss® JJN 
    480VAC, Buss® JJS 
    600VAC, Buss® JJS 
 Time Delay:   240VAC, BUSS FRN 
    480VAC, BUSS FRS (KLU for 601 to 1200A)
    600VAC, BUSS FRS (KLU for 601 to 1200A)
 Semiconductor   240VAC,  Ferraz Shawmut A50QS   
 Fuses:    480VAC,  Ferraz Shawmut A70QS                
    600VAC,  Ferraz Shawmut A70QS            
 UL Listed Breakers: Frame Size D -  250 A maximum (all ratings)  
    Frame Size E - 300 A maximum for the 150 HP                          
               400 A maximum for the 200 HP
                                                                     500A maximum for the 250 HP
    Frame Size F -  600A maximum for the 300 HP
              700A maximum for the 350 HP
                                                                      750A maximum for the 400 HP
                                                                      800A maximum for the 450 HP
      1000A maximum for the 500 HP 
Buss® is a trademark of Cooper Industries, Inc. 

4.5  Reduced Input Voltage Considerations
When operating with other than nominal input voltages or with non-standard motors, the output current rating of the drive 
must be greater than or equal to the continuous load requirements of the motor.

4.6  Electrical Installation
All interconnection wires between the drive, AC power source, motor, host control and any other operator interface stations 
should be in metal conduits or shielded cable must be used. If the connection being made is on a connection stud or 
grounding screw, then use listed closed loop connectors that are of appropriate size for wire gauge being used. Connectors 
are to be installed using crimp tool specified by the manufactuer of the connector. Only class 1 wiring should be used. See 
Appendix A for conduit hole size for each frame size. 
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4.7  Optional Filter/Reactor
Figure 4-2 shows the connections for installing an optional Line Filter and AC Reactor. 

Figure 4-2  Filter and Reactor Connections

Control
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PE

Reactor
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PE
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PE

Line Load

AC
Line

 

Table 4-1  240VAC Three Phase Wire Size and Protective Devices

Control Rating Input Fuse (Amps) Wire Gauge

HP Input Amps Fast Acting (UL) Fast Acting (CUL) Time Delay Semiconductor (CUL) AWG mm2

1 4.2 12 12 9 14 2.5

2 7.0 15 15 12 14 2.5

3 10 25 25 20 14 2.5

5 16 35 35 30 12 4.0

7.5 22 35 35 30 10 6.0

10 28 70 70 60 8 10.0

15 42 80 80 70 6 16.0

20 53 100 100 90 4 25.0

25 66 125 *125 A50QS125-4 4 25.0

30 78 175 *175 A50QS150-4 3 35.0

40 104 175 *175 A50QS150-4 2 50.0

50 130 200 200 175 2/0 70.0

60 154 250 250 200 3/0 85.0

*Requires custom drive for CUL application using fast fuses.
Note:  Wire sizes based on 750C copper wire. Fuses based on 400C ambient, max continuous output and no harmonic current.

Table 4-2  240VAC Three Phase Breaker Size

HP UL Listed Breaker Size 
(AMPS)

1

2

3

5

7.5

10

15

20

25

30

40

50 250

60 250
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Table 4-3  480VAC Three Phase Wire Size and Protective Devices

Control Rating Input Fuse (Amps) Wire Gauge

HP Input 
Amps

Fast Acting 
(UL)

Fast Acting 
(CUL)

Time 
Delay

Semiconductor (CUL) AWG mm2

1 2.1 6 6 4.5 14 2.5

2 3.4 8 8 6.3 14 2.5

3 4.8 12 12 10 14 2.5

5 7.6 17.5 17.5 15 14 2.5

7.5 11 25 25 17.5 14 2.5

10 14 25 25 17.5 12 4.0

15 21 40 40 35 10 5.3

20 27 50 50 45 8 10.0

25 34 60 60 50 8 10.0

30 40 80 *80 A70QS60-4 8 10.0

40 52 100 *100 A70QS80-4 6 16.0

50 65 125 *125 A70QS100-4 4 25.0

60 77 125 125 100 3 35.0

75 96 150 150 125 1 50.0

100 124 200 200 175 2/0 70.0

125 156 250 250 200 3/0 85.0

150 180 350 350 300 One-4/0 or 
Two-1/0

One-110.0 or 
Two-55.0

200 240 450 450 400 Two-3/0 Two-85.0

250 302 600 600 450 Two-250 kcmil Two-127.0

300 361 650 650 450 Two-4/0 Two-110.0

350 414 750 750 550 Two-300 kcmil Two-152.0

400 477 800 800 600 Two-350 kcmil Two-177.0

450 534 900 900 650 Two-400 kcmil Two-203.0

500 590 1000 1000 750 Two-500 kcmil Two-253.0

550 ◊ 650 1000 1000 750 Two-600 kcmil Two-304.0

◊  This rating is applicable when using the VS1SP4500-1 in the SVT (standard variable torque) operating zone. 
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Table 4-4  480VAC Three Phase Breaker Size

HP UL Listed Breaker Size
(AMPS)

1

2

3

5

7.5

10

15

20

25

30

40

50

60 250

75 250

100 250

125 250

150 300

200 400

250 500

300 600

350 700

400 750

450 800

500 1000

550 1000



4-6   Power Wiring MN764

Table 4-5  600VAC Three Phase Wire Size and Protective Devices

Control Rating Input Fuse (Amps) Wire Gauge

HP
Input 
Amps

Fast Acting 
(UL)

Fast Acting 
(CUL)

Time 
Delay

Semiconductor (CUL) AWG mm2

1 1.7 6 6 5 14 2.5

2 2.7 6 6 5 14 2.5

3 3.9 10 10 8 14 2.5

5 6.1 15 15 12 14 2.5

7.5 9.0 17.5 17.5 15 14 2.5

10 11 17.5 17.5 15 14 2.5

15 17 35 35 30 10 6.0

20 22 40 40 35 10 6.0

25 27 50 50 40 8 10.0

30 32 70 *70 A70QS50-4 8 10.0

40 41 80 *80 A70QS70-4 6 16.0

50 52 80 *80 A70QS80-4 6 16.0

60 62 100 100 80 4 25.0

75 77 125 125 100 3 35.0

100 99 150 150 125 1 50.0

125 125 200 200 175 2/0 70.0

150 144 300 300 250 3/0 95.0

200 192 350 350 300 One - 250 kcmil 
or Two - 1/0

150 or
Two - 70

250 242 450 450 400 Two - 3/0 Two - 95

300 289 600 600 450 Two - 4/0 Two - 120

*Requires custom drive for CUL application using fast fuses.
Note:  Wire sizes based on 750C copper wire. Fuses based on 400C ambient, max continuous output and no harmonic current.

Table 4-6  600VAC Three Phase Breaker Size

HP
UL Listed Breaker Size 

(AMPS)
HP

UL Listed Breaker Size 
(AMPS)

1 40

2 50

3 60 250

5 75 250

7.5 100 250

10 125 250

15 150 250

20 200 300

25 250 400

30 300 400
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4.8  Incoming Power and Motor Connections

Figure 4-3 shows the layout of the terminals on the power connectors for each size drive. All cables must be in conduits 
or shielded and the conduits or shields must be grounded at the cable entrance. The brake resistor and cable must be in a 
conduit or shielded if installed outside the enclosure.

Figure 4-3  Power Connections
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See recommended tightening torques in Table A-2.
*Remove TH1 to TH2 jumper if Motor Thermal Leads are connected.
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Note:  An open circuit between TH1 and TH2 will cause an overtemperature fault.
          Refer to fault/troubleshooting information in Chapter 9.
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1. Access the Power and Motor Terminals (see Cover Removal procedure).
2. Feed the power supply and motor cables into the drive through the cable entrance.
3. Connect the line L1, L2, L3 and GND to the power terminal connectors.
4. Connect motor leads to T1, T2, T3 and GND motor terminal connectors.

Note: H2E-Frame Size, 250HP and 300HP (575V) drives utilize studs for power terminations.



4-8   Power Wiring MN764

Figure 4-4  3 Phase Input Power Connections

*Optional components not provided with control. L1 L2 L3

L1 L2 L3

Earth

Note 3

Baldor
Control

*Optional
Line 

Reactor

Note 1

Note 3

A1 B1 C1

A2 B2 C2

Note 4

GND

Note 2

*Fuses
1. See “Protective Devices” described previously in this section. 

2. Use same gauge wire for Earth ground as is used for L1, L2 
     and L3 for AA, B, C frame drives. For D, E and F frame drives, 
     size the grounding conductor per the local electrical codes.

3. Metal conduit should be used. Connect conduits so the 
      use of a Reactor or RC Device does not interrupt 
      EMI/RFI shielding.

4. See Line/Load Reactors described previously in this section.   

  

4.9  Operating a 3-Phase Control on Single Phase Input Power

Single phase AC input power can be used to power the control instead of three phase for control sizes AA, B and C. The 
specifications and control sizes are listed in Appendix A of this manual. If single phase power is to be used, the rated 
Horsepower of the control must be reduced (derated). In addition, power wiring and jumper changes are required. Both 
connection types are shown in Figures 4-5 and 4-6. 
Single phase rating wire size and protection devices are listed in Tables 4-7 and 4-8. 

4.9.1  Single Phase Power Derating: 
Single phase power derating requires that the continuous and peak current ratings of the control be reduced by the 
following: 

1. 1 - 7.5HP 240 and 480VAC controls: 
      Derate output hp to the next lower hp value (i.e. 7.5hp becomes 5hp, etc.)

2. 10 - 50HP 240 and 480VAC controls: 
      Derate output hp by 50% of the nameplate rating.

Table 4-7  Single Phase Wire Size and Protection Devices - 240VAC Controls

Drive 
HP

Derated Rating Input Fuse (Amps) Wire Gauge

HP Input Amps Fast Acting (UL) Fast Acting (CUL) Semiconductor (CUL) AWG mm2

2 1 8.0 12 12 14 2.5

3 2 10 20 20 14 2.5

5 3 15 25 25 12 4.0

7.5 5 28 45 45 10 6.0

10 5 28 45 45 12 4.0

15 7.5 40 60 60 8 10.0

20 10 50 80 80 6 16.0

25 10 50 80 *80 A50QS125-4 6 16.0

30 15 68 100 *100 A50QS150-4 4 25.0

40 20 88 125 *125 A50QS150-4 3 35.0

*Requires custom drive for CUL application using fast fuses.
Note:  Wire sizes based on 750C copper wire. Fuses based on 400C ambient, max continuous output and no harmonic current.
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Table 4-8  Single Phase Wire Size and Protection Devices - 480VAC Controls

Drive 
HP

Derated Rating Input Fuse (Amps) Wire Gauge

HP Input Amps Fast Acting (UL) Fast Acting (CUL) Semiconductor (CUL) AWG mm2

2 1 4.0 6 6 14 2.5

3 2 6.0 10 10 14 2.5

5 3 8.5 15 15 14 2.5

7.5 5 14 20 20 14 2.5

10 5 14 20 20 14 2.5

15 7.5 20 30 30 12 4.0

20 10 25 40 40 10 6.0

25 10 25 40 40 10 6.0

30 15 34 50 *50 A70QS50-4 8 10.0

40 20 44 60 *60 A70QS60-4 8 10.0

50 25 55 80 *80 A70QS80-4 6 16.0

*Requires custom drive for CUL application using fast fuses.
Note:  Wire sizes based on 750C copper wire. Fuses based on 400C ambient, max continuous output and no harmonic current.

Frames D, E and F drives cannot be applied with a single phase power source.

Figure 4-5  Size AA Single Phase Power Connections to a 3-Phase Control

L1 L2

L1 L2 L3

Earth

*Optional components are not provided with control.

Note 3

Baldor
Control

*Optional
Line 

Reactor

Note 1

Note 3

A1 B1

A2 B2

Note 4

GND

Note 2

*Fuses

Single Phase 2 Wire ConnectionsSingle Phase 3 Wire Connections

L1

*Optional
Line 

Reactor

A1

A2

*Fuse

Neutral

L1 L2 L3

Earth

Baldor
Control

GND

Notes:
1. See Protective Devices described previously in this section.
2. Use same gauge wire for Earth ground as is used for L1 and L2.
3. Metal conduit should be used. Connect conduits so the use of 

a Reactor or RC Device does not interrupt EMI/RFI shielding.
4. See Line/Load Reactors described previously in this section.

Line Reactors are built-in for size B and larger controls.

In order to protect the drive,
Level 2, Drive Configure, Power
Input P2110 should be set to
“Single Phase”.

See recommended tightening torques in Table A-2.
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Figure 4-6  Size B and C Single Phase Power Connections to a 3 Phase Control

L1 L2

L1 L2 L3

Earth

*Optional components not provided with control.

Note 3

Baldor
Control

*Optional
Line 

Reactor

Note 1

Note 3

A1 B1

A2 B2

Note 4

GND

Note 2

*Fuses

Single Phase 2 Wire ConnectionsSingle Phase 3 Wire Connections

L1

*Optional
Line 

Reactor

A1

A2

*Fuse

Neutral

L1 L2 L3

Earth

Baldor
Control

GND

Notes:
1. See Protective Devices described previously in this section.
2. Use same gauge wire for Earth ground as is used for L1 and L2.
3. Metal conduit should be used. Connect conduits so the use of 

a Reactor or RC Device does not interrupt EMI/RFI shielding.
4. See Line/Load Reactors described previously in this section.

Line Reactors are built-in for size B and larger controls.

IMPORTANT:
Do not connect L3.

IMPORTANT:
Do not connect L3.

In order to protect the drive,
Level 2, Drive Configure, Power
Input P2110 should be set to
“Single Phase”.

See recommended tightening torques in Table A-2.

Single Phase Power and Motor Connections VS1SP6XX-XX
Figure 4-7 shows the minimum connections required at the power connector. All cables must be in conduits or shielded 
and the conduits or shields must be grounded at the cable entrance. The brake resistor and cable must be in a conduit or 
shielded if installed outside the enclosure.

Figure 4-7  Single Phase Control Power Terminals

See recommended tightening torques in Table A-2.

Frame Size AA

GNDTH2TH1T3T2T1 B-R2
R1/B+

GNDNL2L1

Input AC 
  Power

M
ot

or
 T

he
rm

al
Le

ad
s 

*

M
ot

or
 G

ND

Motor
Chassis      
Ground

 *Remove  TH1 to TH2  jumper if Motor Thermal Leads are connected.

Dynamic
  Brake

Motor 
Leads

Note:  An open circuit between TH1 and TH2 will be used by the drive to generate a motor overtemperature fault. Refer to 
           the fault/troubleshooting information provided in Chapter 9.

1. Access the Power and Motor Terminals (see Cover Removal procedure).
2. Feed the power supply and motor cables into the drive through the cable entrance.
3. Connect the line L1, L2, N and GND to the power terminal connections, Figure 4-7.
4. Connect motor leads to T1, T2, T3 and GND motor terminal connectors. 
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Figure 4-8  Single Phase Power Control Connections

L1 L2

L1 L2 N

Earth

*Optional components not provided with control.

Note 3

Baldor
Control

*Optional
Line 

Reactor

Note 1

Note 3

A1 B1

A2 B2

Note 4

GND

Note 2

*Fuses

See recommended tightening torques in Table A-2.

240VAC Single Phase

L1 N

L1 L2 N

Earth

Note 3

Baldor
Control

*Optional
Line 

Reactor

Note 1

Note 3

A1

A2

Note 4

GND

Note 2

*Fuses

120VAC Single Phase

Notes: 
1. See Table 4-6.
2. Use same gauge wire for Earth ground as is used for L1, L2 and N.
3. Metal conduit should be used. Connect conduits so the use of a reactor or RC Device does not interrupt EMI/RFI 

shielding.
4. See Line/Load Reactors described previously in this section. 

Table 4-9  Single Phase Rating Wire Size and Protection Devices - 120/240VAC Controls

HP

120VAC Single Phase Input 240VAC Single Phase Input

Input 
Amps

Input Fuse (Amps) 
Fast Acting 

AWG mm2 Input 
Amps

Input Fuse (Amps) 
Fast Acting 

AWG mm2

1 12 20 12 4.0 6.3 12 14 2.5

2 20 30 10 6.0 10.2 20 14 2.5

3 30 35 10 6.0 14.4 25 12 4.0

Note:  All wire sizes are based on 750C copper wire. Recommended fuses are based on 400C ambient, maximum continuous  
     control output and no harmonic current.
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4.10  M-Contactor

If required by local codes or for safety reasons, an M-Contactor (motor circuit contactor) may be installed. However, 
incorrect installation or failure of the M-Contactor or wiring may damage the control. 
M-Contactor connections are shown in Figure 4-9.

 CAUTION:  If an M-Contactor is installed, the control must be disabled for at least 200msec before the   
   M-Contactor is opened. If the M-Contactor is opened while the control is supplying voltage and  
   current to the motor, the control may be damaged. Before the control is enabled, the M-Contactor  
   must be closed for at least 200msec.

Figure 4-9  Motor Connections and Optional Connections

*Optional components not provided with control.

Baldor
Control

* AC Motor

Note 1

*Optional
Load 

Reactor

Note 1

A1 B1 C1

A2 B2 C2

T1 T2 T3

T1
T2 T3

G

Note 3

* Optional 
RC Device
Electrocube
RG1781-3

8
9

*
M    Enable

J2

* M-ContactorTo Power Source 
(Rated Coil Voltage)

*M=Aux Contacts of optional M-Contactor

GND

*Optional M Contactor Connections

Note 2

See recommended tightening torques in Table A-2.

M

M

Notes: 
1. Metal conduit should be used. Connect conduits so the use of the Load Reactor or RC Device does not interrupt EMI/RFI 

shielding.
2. See Line/Load Reactors described previously in this section.
3. Use same gauge wire for ground as for T1, T2 and T3 for AA, B, and C controls. For size D, E and F controls, size the 

grounding conductor per the local electrical code. 

4.11  Long Motor Leads

The wire leads that connect the motor to the control are critical in terms of sizing, shielding and the cable characteristics. 
Short cable runs are usually trouble free but fault-monitoring circuitry can produce numerous faults when long cables (over 
100 feet) are used. 

100+ft (30m): Baldor recommends adding an optional load reactor to the output of the control
250+ft (75m): Baldor recommends adding and optional load reactor and common mode choke to the control.

The load reactor and/or common mode choke should be placed in close physical proximity to the control. Unexpected 
faults may occur due to excessive charging current required for motor cable capacitance. If you use long motor leads and 
experience unexpected trips due to overload conditions and are not sure how to correctly size and connect the optional load 
reactors, contact your Baldor representative. 
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4.12  Optional Dynamic Brake Hardware

Refer to Figure 4-10 for DB resistor connections. Dynamic Brake (DB) hardware must be installed on a flat, non-flammable, 
vertical surface for effective cooling and operation.

 CAUTION:   Before external Dynamic Brake Hardware is added, the internal resistor must be disconnected  
   (frames AA, B, C and D). Remove the resistor from the B+/R1 and R2 terminals. The external   
   resistor can be connected across these terminals. Failure to remove the internal resistor will  
   decrease the total resistance (parallel connection) and cause damage.

Figure 4-10  DB Terminal Identification

“1B”
B+ / R1 R2

B - NEMA 4X and C Size Only Disconnect Internal 
DB resistor wires from DBR1 and DBR2 terminals 
before connecting external DB Resistor to prevent damage.

B+ / R1 R2 B -

DBR2

DBR1

TB101
External

ExternalSee recommended tightening torques in Table A-2.

AA, B - NEMA 1, D and E Sizes

B - 

Notes: 
1. Wires from the internal Dynamic Brake resistor for size AA, B, C and D controls must be removed before external resistor 

hardware is installed. 
2. E and F size drives do not include an internal Dynamic Brake resistor may not include the transistor.
3. Although not shown, metal conduit should be used to shield all power wires and motor leads.

E-Frame and F-Frame Sizes
An internal dynamic braking transistor is not included on standard VS1SP E-Frame and F-Frame drives (note that the VS1GV 
E-Frame and F-Frame drives up to 450 HP do include an internal transistor, but not a resistor). To accommodate braking 
on VS1SP E-Frame and F-Frame drives, control terminals are provided that may be used to control an external braking 
transistor such as a Baldor RTA or RBA assembly. See manual MN701 for more details on these external options. Figure 
4-11 shows the braking control terminals provided on the E-Frame and F-Frame drives. Figure 4-12 shows an example 
utilizing a Baldor RTA assembly with a Baldor RGA resistor.

Figure 4-11  E-Frame and F-Frame Brake Terminal Identification

   D1 D2 GND
See recommended tightening torques in Table A-2.
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Figure 4-12  Wiring for RTA Assembly

See recommended terminal 
tightening torques in Table A-2. 
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Chapter 5
Control Wiring  

5.1  Control Board Connections

The analog and digital inputs and output terminals are shown in Figure 5-1. The signals are described in Tables 5-1, 5-2 
and 5-3. Connections will depend upon which of the operating modes are chosen. Each mode described and a connection 
diagram is provided later in this section.

Figure 5-1  Control I/O Connections

 

J1

J2

J3

Terninals 1 to 7 (J1)
1 User Analog Return
2 Analog Input 1
3 Analog Ref. Power
4 Analog Input 2 +
5 Analog Input 2 -
6 Analog Output 1
7 Analog Output 2

Terminals 8 to 20 (J2)
8 Enable Input
9 Digital Input 1

10 Digital Input 2
11 Digital Input 3
12 Digital Input 4
13 Digital Input 5
14 Digital Input 6
15 Digital Input 7
16 Digital Input 8
17 Digital Out 1 + (Collector)
18 Digital Out 1 - (Emitter)
19 Digital Out 2 + (Collector)
20 Digital Out 2 - (Emitter)

Terminals 21 to 30 (J3)
21 External User +24V Return
22 External User +24V
23 Internal +24V
24 Internal +24V Return
25 Relay Out 1 NC
26 Relay Out 1 COM
27 Relay Out 1 NO
28 Relay Out 2 NC
29 Relay Out 2 COM
30 Relay Out 2 NO

USB Port
Board

Plug

Connector

Heartbeat/
Fault LED

USB Activity LED

1

1

21

8

See recommended tightening torques in Table A-2.     

Table 5-1  J1 Connector Definition

Connector Terminal Signal Description

J1-1 0VDC - Common reference for Analog Inputs and Outputs

J1-2 AIN1 – Analog Input 1

J1-3 AREF -  Analog reference power (+10V for Analog Input 1)

J1-4 AIN2+ - Analog Input 2+

J1-5 AIN2- - Analog Input 2-

J1-6 AOUT1 -  Analog Output 1

J1-7 AOUT2 -  Analog Output 2
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Table 5-2  J2 Connector Definition

Connector Terminal Signal Description

J2-8 Enable Input

J2-9 DIN1 – Digital Input 1

J2-10 DIN2 – Digital Input 2

J2-11 DIN3 – Digital Input 3

J2-12 DIN4 – Digital Input 4

J2-13 DIN5 – Digital Input 5

J2-14 DIN6 – Digital Input 6

J2-15 DIN7 – Digital Input 7

J2-16 DIN8 – Digital Input 8

J2-17 Digital Output #1+ (Collector)

J2-18 Digital Output #1- (Emitter)

J2-19 Digital Output #2+ (Collector)

J2-20 Digital Output #2- (Emitter)

Table 5-3  J3 Connector Definition

Connector Terminal Signal Description

J3-21 External User +24V Return

J3-22 External User +24V

J3-23 Internal +24VDC

J3-24 Internal +24VDC Return

J3-25 Relay Output #1 N.C.

J3-26 Relay Output #1 COMMON

J3-27 Relay Output #1 N.O.

J3-28 Relay Output #2 N.C.

J3-29 Relay Output #2 COMMON

J3-30 Relay Output #2 N.O.
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5.2  Analog Inputs

Two analog inputs are available: Analog Input 1 (J1-1 and J1-2) and Analog Input 2 (J1-4 and J1-5) as shown in Figure 5-2. 
Either analog input may be selected in the Level 1 Input block, Command Source Parameter. 

Figure 5-2  Analog Inputs
  
   
 
    

J1

Analog GND
Analog Input 1
Pot Reference

Analog Input +2
Analog Input -2

1
2
3
4
5

Analog Input 1

Analog Input 2

Command Pot or
          0 - 10VDC

±5VDC, ±10VDC, 
0-20mA or 4-20mA Input

See recommended terminal tightening torques in Table A-2.   

     
               

      

5.2.1  Analog Input 1 (Single Ended)
When using a potentiometer as the speed command, process feedback or setpoint source, the potentiometer should be 
connected at Analog Input 1. When using Analog Input 1, the respective parameter must be set to “Analog Input 1”. 
Note:  A potentiometer value of 5kΩ to 10kΩ, 0.5 watt may be used. 

Parameter Selection 
The single ended Analog Input 1 is typically used in one of three ways: 
1.  Speed or Torque command (Level 1 Input block, Command Source=Analog Input 1).  
2.  Process Feedback (Level 2 Process Control block, Process Feedback=Analog Input 1). 
3.  Setpoint Source (Level 2 Process Control block, Setpoint Source=Analog Input 1). 

5.2.2  Analog Input 2 (Differential)
Analog Input 2 accepts a differential command ±5VDC, ±10VDC, 0-20 mA or 4-20 mA. 
If pin J1-4 is positive with respect to pin 5 and P1408=±5V or ±10V, the motor will rotate in the forward direction.  
If pin J1-4 is negative with respect to pin 5 and P1408=±5V or ±10V, the motor will rotate in the reverse direction. If forward 
direction is not correct, change Level 2, Motor Data Reverse Rotation parameter P2415.
Analog Input 2 can be connected for single ended operation by connecting either of the differential terminals to common, 
provided the common mode voltage range is not exceeded.
Analog Input 2 can be set for voltage or current mode operation. With JP1 as shown in Figure 5-3, Voltage mode is selected.  
If JP1 is connected to pins 2 and 3, current mode is selected.
The Level 1 Input Setup Parameter P1408 can be set to the full scale voltage or current range desired.

Note:  The common mode voltage can be measured with a voltmeter. Apply the maximum command voltage to Analog 
Input 2 (J1-4,5). Measure the AC and DC voltage across J1-1 to J1-4. Add the AC and DC values. Measure the AC and DC 
voltage from J1-1 to J1-5. Add these AC and DC values. 
If either of these measurement totals exceeds a total of ±15 volts, then the common mode voltage range has been 
exceeded. To correct this condition, isolate the command signal with a signal isolator, such as Baldor catalog number 
BC145. 

Figure 5-3  Jumper Locations

Fault

USBUSB Port

J1 J2 J3

JP1 JP2

JP3

1 1

1

RS485

Keypad
Connector

Ribbon
Cable

Regen
Connector

Control
Circuit Board

JP6

JP5P1

J7 J8

P2

P3
S G A B S

ENP

EPN

INP

DFT

Factory Settings
as shown

Note:  Factory connection of
J2-8 (Enable) to J3-24.

248

See recommended tightening torques in Table A-2.

JP1 JP2
ANAIN2 ANAOUT1

Voltage

Current

1 1

1 1

Type

1

JP3

1No Termination

120 ohm
Termination

RS485
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5.3  Analog Outputs

Two programmable analog outputs are provided on J1-6 and J1-7. These outputs are scaled and can be used to provide 
status of various control conditions. The return for these outputs is J1-1 analog return. Each output function is programmed 
in the Level 1 Output block, Analog Out1 Signal or Analog Out2 Signal parameter values.

Analog Output 1 can be set for voltage or current mode operation. With JP2 as shown in Figure 5-3, Voltage mode is 
selected. If JP2 is connected to pins 2 and 3, current mode is selected.
The Level 1 Output Setup Parameter P1510 can be set to the full scale voltage or current range desired.

5.4  Opto-Isolated Inputs

Logic input connections are made at terminal strip J2 pins 8 to 16. J2 inputs can be wired as Active High or Active Low as 
shown in Figure 5-4. Internal or external power source is selected by jumpers JP5 and JP6 shown in Figure 5-4. 

Notes for Figure 5-4:
1. See operating modes defined later in this chapter for input usage.
2. Factory connection of J2-8 (Enable) is made to J3-24 for Internal, Active Low connection. For other configurations, the 

wire at J3-24 must be moved to J3-23, J3-21 or J3-22 as needed.

Figure 5-4  Active HIGH (Sourcing)/LOW (Sinking) Relationship
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JP6
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See recommended tightening torques in Table A-2.

Digital Input 1 Digital Input 1 Digital Input 1

External User Return
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5.5  Operating Modes

The operating modes define the basic motor control setup and the operation of the input and output terminals. After the 
circuit connections are completed, the operating mode is selected by programming the Operating Mode parameter in the 
Level 1 Input Setup Programming Block (P1401).

Operating modes include: 

Keypad Standard Run 2Wire Standard Run 3Wire 15 Preset Speeds

Fan Pump 2Wire Fan Pump 3Wire Process Control* 3 Sps Ana 2Wire

3 Spd Ana 3Wire Electronic Pot 2Wire Electronic Pot 3Wire Network

Profile Run* Bipolar Pulse Follower* PLC*

*To view and change parameters associated with these modes, Operating Mode (P1401) must be set to the respective 
mode. For example, this means Process Control parameters will not appear on the keypad for selection unless Level 1, Input 
Setup, Operating Mode (P1401) is set to “Process Control”. 
Each mode requires connections to the J1, J2 and J3 terminal strips. The terminal strips are shown in Figure 5-1. The 
connection of each input or output signal is described in the following pages. 

5.5.1  Keypad
The Keypad mode allows the control to be operated from the keypad. In this mode only the Enable input is required. 
However, the Stop and External Trip inputs may optionally be used. All other Digital Inputs remain inactive. The Analog 
Outputs and Digital Outputs remain active at all times. 

Figure 5-5  Keypad Connection Diagram
 

User Analog Return
Analog Input 1
Analog Ref. Power +
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7

J1

Analog Input 2+
Analog Input 2-
Analog Output 1
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Enable8
J2

17 Digital Output 1 + (Collector)       
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15
16

 

Digital Output 1 - (Emitter)
Digital Output 2 + (Collector)        
Digital Output 2 - (Emitter)

18
19
20

Enable

External Trip

See Figure 5-4  for
connection information.

(Optional Stop)

Digital Input 1
Digital Input 2
Digital Input 3
Digital Input 4
Digital Input 5
Digital Input 6
Digital Input 7
Digital Input 8

 

For keypad operation, only Enable (J2-8) is required.

See recommended tightening torques in Table A-2.

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

J2-8 CLOSED allows normal control operation. 
  OPEN disables the control and motor coasts to stop.
J2-11 Optional STOP input (not required). 
  CLOSED allows normal control operation.
  OPEN motor coasts or brakes to stop if Level 1 Keypad Setup block, Local Hot Start parameter is set to “ON”.
J2-16 Optional External Trip input (not required). If used, you must set Level 2 Drive Protect block, External Trip to “ON”.
  CLOSED allows normal operation.
  OPEN causes an External Trip to be received by the control (when programmed to “ON”).
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5.5.2  Standard Run 2-Wire
In Standard Run 2Wire mode, the control is operated by the digital inputs and the command source. Also, Preset Speed 1 
can be selected. The opto inputs can be switches as shown in Figure 5-6 or logic signals from another device. 

Figure 5-6  Standard Run 2-Wire Connection Diagram
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 See recommended tightening torques in Table A-2.

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

J2-8 CLOSED allows normal operation. 
  OPEN disables the control and motor coasts to a stop. 
J2-9 CLOSED starts motor operation in the Forward direction. 
  OPEN motor decels to stop. If Level 1, Keypad Setup, Stop Mode is set to “coast”, motor coasts to stop.
J2-10  CLOSED starts motor operation in the Reverse direction. 
  OPEN motor decels to stop. If Level 1, Keypad Setup, Stop Mode is set to “coast”, motor coasts to stop.
J2-11 CLOSED starts motor JOG operation in the Forward direction. 
  OPEN motor decels to stop. If Level 1, Keypad Setup, Stop Mode is set to “coast”, motor coasts to stop.
J2-12 CLOSED starts motor JOG operation in the Reverse direction. 
  OPEN motor decels to stop. If Level 1, Keypad Setup, Stop Mode is set to “coast”, motor coasts to stop.
J2-13 CLOSED selects ACC / DEC / S-ACC / S-DEC group 2. 
  OPEN selects ACC / DEC / S-ACC / S-DEC group 1. 
J2-14 CLOSED selects Preset Speed #1 (J2-11 or 12 will override this Preset Speed). 
  OPEN allows speed command from the command source (P1402). 
J2-15 CLOSED to reset fault. 
  OPEN to run. 
J2-16 Optional External Trip input (not required). If used, you must set Level 2 Drive Protect block, External Trip to “ON”. 
  CLOSED allows normal operation. 
  OPEN causes an External Trip to be received by the control. 

Note:  When command source is a unipolar signal (0-10V, 0-5V, 4-20mA etc.) and forward or reverse are closed, motion will  
           occur (unless both are closed at the same time). 



  Control Wiring   5-7MN764

5.5.3  Standard Run 3-Wire
In Standard Run 3Wire mode, the control is operated by the digital inputs and the command source. Also, Preset Speed 1 
can be selected. The opto inputs can be switches as shown in Figure 5-7 or logic signals from another device. 

Figure 5-7  Standard Run 3-Wire Connection Diagram
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See recommended tightening torques in Table A-2.

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

J2-8 CLOSED allows normal operation. 
  OPEN disables the control and motor coasts to a stop. 
J2-9 MOMENTARY CLOSED starts motor operation in the Forward direction. 
  In JOG mode (J2-12 CLOSED), motor jogs in the Forward direction as long as closed. 
J2-10  MOMENTARY CLOSED starts motor operation in the Reverse direction. 
  In JOG mode (J2-12 CLOSED), motor jogs in the Reverse direction as long as closed. 
J2-11  MOMENTARY OPEN motor decels to stop. 
J2-12 CLOSED places control in JOG mode, Forward and Reverse run are used to jog the motor. 
J2-13 CLOSED selects ACC / DEC / S-ACC / S-DEC group 2. 
  OPEN selects ACC / DEC / S-ACC / S-DEC group 1. 
J2-14 CLOSED selects Preset Speed #1 (J2-12 will override this Preset Speed). 
  OPEN allows speed command from the command source (P1402). 
J2-15 CLOSED to reset fault. 
  OPEN to run. 
J2-16 Optional External Trip input (not required). If used, you must set Level 2 Drive Protect block, External Trip to “ON”.  
  CLOSED allows normal operation. 
  OPEN causes an External Trip to be received by the control. 

Note:  When command source is a unipolar signal (0-10V, 0-5V, 4-20mA etc.) and forward or reverse are closed, motion will 
           occur (unless both are closed at the same time). 
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5.5.4  15 Preset Speeds
Operation in 15 Preset Speeds 2-Wire mode is controlled by the opto isolated inputs at J2. The values of the Preset Speeds 
are set in the Level 1 Preset Speeds block, Preset Speed 1 to Preset Speed 15. J2-11 through J2-14 inputs allow selection 
of 15 Preset Speeds. The opto inputs can be switches as shown in Figure 5-8 or logic signals from another device. 

Figure 5-8  15 Preset Speeds
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See recommended tightening torques in Table A-2.

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

J2-8  CLOSED allows normal operation. 
   OPEN disables the control and motor coasts to a stop. 
J2-9  CLOSED operates the motor in the Forward direction (with J2-10 open). 
   OPEN motor decels to stop. 
J2-10  CLOSED operates motor in the Reverse direction (with J2-9 open). 
   OPEN motor decels to stop. 
J2-11 thru J2-14 Selects programmed Preset Speeds as defined in Table 5-4. 
J2-15  CLOSED selects ACC / DEC / S-ACC / S-DEC group 2. 
   OPEN selects ACC / DEC / S-ACC / S-DEC group 1. 
J2-16  Optional External Trip input (not required). If used, you must set Level 2 Drive Protect block, External Trip  
   to “ON”. CLOSED allows normal operation. 
   OPEN causes an External Trip to be received by the control. 

Table 5-4  Switch Truth Table for 15 Speed, 2-Wire Control Mode

J2-11 J2-12 J2-13 J2-14 Function

OPEN OPEN OPEN OPEN Selects Level 1:Preset Speed:Preset Speed 1 (P1001)

CLOSED OPEN OPEN OPEN Selects Level 1:Preset Speed:Preset Speed 2 (P1002)

OPEN CLOSED OPEN OPEN Selects Level 1:Preset Speed:Preset Speed 3 (P1003)

CLOSED CLOSED OPEN OPEN Selects Level 1:Preset Speed:Preset Speed 4 (P1004)

OPEN OPEN CLOSED OPEN Selects Level 1:Preset Speed:Preset Speed 5 (P1005)

CLOSED OPEN CLOSED OPEN Selects Level 1:Preset Speed:Preset Speed 6 (P1006)

OPEN CLOSED CLOSED OPEN Selects Level 1:Preset Speed:Preset Speed 7 (P1007)

CLOSED CLOSED CLOSED OPEN Selects Level 1:Preset Speed:Preset Speed 8 (P1008)

OPEN OPEN OPEN CLOSED Selects Level 1:Preset Speed:Preset Speed 9 (P1009)

CLOSED OPEN OPEN CLOSED Selects Level 1:Preset Speed:Preset Speed 10 (P1010)

OPEN CLOSED OPEN CLOSED Selects Level 1:Preset Speed:Preset Speed 11 (P1011)

CLOSED CLOSED OPEN CLOSED Selects Level 1:Preset Speed:Preset Speed 12 (P1012)

OPEN OPEN CLOSED CLOSED Selects Level 1:Preset Speed:Preset Speed 13 (P1013)

CLOSED OPEN CLOSED CLOSED Selects Level 1:Preset Speed:Preset Speed 14 (P1014)

OPEN CLOSED CLOSED CLOSED Selects Level 1:Preset Speed:Preset Speed 15 (P1015)

CLOSED CLOSED CLOSED CLOSED Fault Reset
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5.5.5  Fan Pump 2-Wire
Operation in the Fan Pump 2-Wire mode is controlled by the opto isolated inputs at J2-8 through J2-16. The opto inputs can 
be switches as shown in Figure 5-9 or logic signals from another device. 

Figure 5-9  Fan Pump 2-Wire Connection Diagram
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 See recommended tightening torques in Table A-2.

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

J2-8 CLOSED allows normal control operation. 
  OPEN disables the control and the motor coasts to a stop. 
J2-9  CLOSED operates the motor in the Forward direction (with J2-10 open). 
  OPEN motor decels to stop. Note: J2-9 and J2-10 are both closed = Fault Reset. 
J2-10  CLOSED operates the motor in the Reverse direction (with J2-9 open). 
  OPEN motor decels to stop. Note: J2-9 and J2-10 are both closed = Fault Reset. 
J2-11  CLOSED selects Analog Input 1 (if J2-13, J2-14 and J2-15 are closed). 
  OPEN selects Command Source (Level 1, Input, Command Source) if J2-13, J2-14 and J2-15 are closed. 
J2-12 CLOSED selects STOP/START and Reset commands from terminal strip. 
  OPEN selects STOP/START and Reset commands from Keypad. 
J2-13 CLOSED allows other selections, see Speed Select Table 5-5 . 
  OPEN selects speed commanded from Keypad (if J2-14 and J2-15 are closed). 
  Note:  When changing from Terminal Strip to Keypad (J2-12 or J2-13) the motor speed and direction will remain  
             the same after the change. 
J2-14  Firestat. Selects Level 1, Preset Speeds, Preset Speed 1. 
J2-15 Freezestat. Level 1, Preset Speeds, Preset Speed 2 (if J2-14 is closed). 
J2-16 Optional External Trip input (not required). If used, you must set Level 2 Drive Protect block, External Trip to “ON”.  
  CLOSED allows normal operation. 
  OPEN causes an External Trip to be received by the control (when programmed to “ON”). 

Table 5-5  Speed Select Table – Fan Pump 2-Wire

J2-11 J2-13 J2-14 J2-15 Command

OPEN CLOSED CLOSED Keypad Speed Command

OPEN Level 1, Preset Speeds, Preset Speed 1

CLOSED OPEN Level 1, Preset Speeds, Preset Speed 2

OPEN CLOSED CLOSED CLOSED Level 1, Input Setup, Command Source (parameter P1402)

CLOSED CLOSED CLOSED CLOSED Analog Input 1

Note:  When command source is a unipolar signal (0-10V, 0-5V, 4-20mA etc.) and forward or reverse are closed, motion will 
       occur (unless both are closed at the same time).
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5.5.6  Fan Pump 3-Wire
Operation in the Fan Pump 3-Wire mode is controlled by the opto isolated inputs at J2-8 through J2-16. The opto inputs can 
be switches as shown in Figure 5-10 or logic signals from another device.

Figure 5-10  Fan Pump 3-Wire Connection
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See recommended tightening torques in Table A-2.

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

J2-8 CLOSED allows normal control operation. 
  OPEN disables the control and the motor coasts to a stop. 
J2-9  MOMENTARY CLOSED starts motor operation in the Forward direction.
  Note:  Closing both J2-9 and J2-10 at the same time will reset a fault.
J2-10  MOMENTARY CLOSED starts motor operation in the Reverse direction.
  Note:  Closing both J2-9 and J2-10 at the same time will reset a fault.
J2-11  MOMENTARY OPEN motor decels to stop.
J2-12 CLOSED selects STOP/START and Reset commands from terminal strip. 
  OPEN selects STOP/START and Reset commands from Keypad. 
J2-13  CLOSED allows other selections, see Speed Select Table 5-6. 
  OPEN selects speed commanded from Keypad (if J2-14 and J2-15 are closed). 
  Note:  When changing from Terminal Strip to Keypad (J2-12 or J2-13) the motor speed and direction will remain  
             the same after the change. 
J2-14 Firestat. Selects Level 1, Preset Speeds, Preset Speed 1. 
J2-15 Freezestat. Selects Level 1, Preset Speeds, Preset Speed 2 (if J2-14 is closed). 
J2-16 Optional External Trip input (not required). If used, you must set Level 2 Drive Protect block, External Trip to “ON”.  
  CLOSED allows normal operation. 
  OPEN causes an External Trip to be received by the control (when programmed to “ON”). 

Table 5-6  Speed Select Table – Fan Pump 3-Wire

J2-13 J2-14 J2-15 Command

OPEN Level 1, Preset Speeds, Preset Speed 1

CLOSED CLOSED OPEN Level 1, Preset Speeds, Preset Speed 2

OPEN CLOSED CLOSED Keypad Speed Command

CLOSED CLOSED CLOSED Level 1, Input Setup, Command Source (parameter P1402)
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5.5.7  Process Control
The process control mode provides an auxiliary closed loop general purpose PID set point control. The process control loop 
may be configured in various ways and detailed descriptions of the Process Control are given in MN707 “Introduction to 
Process Control”. The opto inputs can be switches as shown in Figure 5-11 or logic signals from another device. 

Figure 5-11  Process Control Connections
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See recommended tightening torques in Table A-2.

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

J2-8 CLOSED allows normal control operation. 
  OPEN disables the control and the motor coasts to a stop. 
J2-9 CLOSED to enable operation in the Forward direction. 
  OPEN to disable Forward operation (drive will decel to a stop if a Forward speed command is still present).   
  Reverse operation is still possible if J2-10 is closed. 
J2-10 CLOSED to enable operation in the Reverse direction. 
  OPEN to disable Reverse operation (drive will decel to a stop if a Reverse speed command is still present).   
  Forward operation is still possible if J2-9 is closed. 
  Note:  If J2-9 and J2-10 are both opened, the drive will decel to a stop.
J2-11  CLOSED = TABLE 2, 
  OPEN = TABLE 1. Refer to Table 5-7. 
   Note:  The Operating Mode (P1401) must be set to a mode that allows table switching in both tables T1 and T2.
J2-12 CLOSED Selects ACC/DEC group 2 (V/F) or selects torque mode (Vector). 
  OPEN Selects ACC/DEC group 1 (V/F) or selects speed mode (Vector).
  Note:  If a stop command is issued while in the torque (current) mode, the control will stop but will not maintain  
             position (zero current). This is different than zero speed operation for the velocity mode. 
J2-13 CLOSED to enable PID and FF. Feedforward (FF) is from Command Source (P1402). 
  OPEN to enable FF only.     
  PID is disabled with its integrator reset to zero. 
J2-14 CLOSED to enable JOG mode. Jog in either direction is allowed if enabled by J2-9 or J2-10. 
J2-15 CLOSED to reset a fault. 
  OPEN to run. 
J2-16 Optional External Trip input (not required). If used, you must set Level 2 Drive Protect block, External Trip to “ON”.  
  CLOSED allows normal operation. 
  OPEN causes an External Trip to be received by the control (when programmed to “ON”). 

Table 5-7  Table Select – Process Control

J2-11 Command

OPEN Selects Parameter Table 1

CLOSED Selects Parameter Table 2

Note:  See multiple parameter sets in this section.



5-12   Control Wiring MN764

5.5.8  3 Speed Analog 2-Wire
Provides 2 wire input control and allows selection of 3 Preset Speeds. The values of the Preset Speeds are set in the Level 1 
Preset Speeds block, Preset Speed #1, Preset Speed #2 and Preset Speed #3. The opto inputs can be switches as shown in 
Figure 5-12 or logic signals from another device. 

Figure 5-12  3 Speed Analog 2-Wire Connection Diagram
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 See recommended tightening torques in Table A-2.

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

J2-8 CLOSED allows normal control operation. 
  OPEN disables the control and the motor coasts to a stop. 
J2-9 CLOSED operates the motor in the Forward direction (with J2-10 open).
  OPEN motor decels to stop.
J2-10 CLOSED operates the motor in the Reverse direction (with J2-9 open).
  OPEN motor decels to stop.
  Note:  Closing both J2-9 and J2-10 at the same time will reset a fault.
J2-11  CLOSED selects Analog Input 1.
  OPEN selects Level 1 Input block, Command Source parameter.
  Note:  If Command Source (Level 1 Input block) is set to Analog Input 1, then Analog Input 1 is always selected  
             regardless of this switch position.
J2-12 CLOSED selects STOP/START and Reset Commands from the terminal strip.
  OPEN selects STOP/START and Reset Commands from the keypad.
J2-13 CLOSED selects Level 1 Input block, Command Source parameter.
  OPEN selects speed commanded from Keypad.
  Note:  When changing from Terminal Strip to Keypad (J2-12 or J2-13) the motor speed and direction will remain  
              the same after the change.
J2-14 Selects Preset Speeds as defined in the Speed Select Table (Table 5-8).  
J2-15 Selects Preset Speeds as defined in the Speed Select Table (Table 5-8).  
J2-16 Optional External Trip input (not required). If used, you must set Level 2 Drive Protect block, External Trip to “ON”.  
  CLOSED allows normal operation. 
  OPEN causes an External Trip to be received by the control (when programmed to “ON”). 

Table 5-8  Speed Select Table

J2-14 J2-15 Command

OPEN OPEN Level 1, Input Setup, Command Source (parameter P1402)

CLOSED OPEN Preset 1

OPEN CLOSED Preset 2

CLOSED CLOSED Preset 3

Note:  When command source is a unipolar signal (0-10V, 0-5V, 4-20mA, etc.) and forward run or reverse run is closed,  
         motion will occur (unless both forward run and reverse run are closed at the same time).
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5.5.9  3 Speed Analog 3-Wire
Provides 3 wire input control and allows selection of 3 Preset Speeds. The values of the Preset Speeds are set in the Level 1 
Preset Speeds block, Preset Speed #1, Preset Speed #2 and Preset Speed #3. The opto inputs can be switches as shown in 
Figure 5-13 or logic signals from another device. 

Figure 5-13  3 Speed Analog 3-Wire Connection Diagram
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 See recommended tightening torques in Table A-2.

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

J2-8 CLOSED allows normal control operation. 
  OPEN disables the control and the motor coasts to a stop. 
J2-9 MOMENTARY CLOSED starts motor operation in the Forward direction.
J2-10 MOMENTARY CLOSED starts motor operation in the Reverse direction.
  Note: Closing both J2-9 and J2-10 at the same time will reset a fault.
J2-11  MOMENTARY OPEN motor decels to stop.
J2-12 CLOSED selects STOP/START and Reset Commands from the terminal strip.
   OPEN selects STOP/START and Reset Commands from the keypad.
J2-13 CLOSED selects Level 1 Input block, Command Source parameter.
  OPEN selects speed commanded from Keypad.
  Note:  When changing from Terminal Strip to Keypad (J2-12 or J2-13) the motor speed and direction will remain  
             the same after the change.
J2-14 Selects Preset Speeds as defined in the Speed Select Table (Table 5-9).  
J2-15 Selects Preset Speeds as defined in the Speed Select Table (Table 5-9).  
J2-16 Optional External Trip input (not required). If used, you must set Level 2 Drive Protect block, External Trip to “ON”.  
  CLOSED allows normal operation. 
  OPEN causes an External Trip to be received by the control (when programmed to “ON”). 

Table 5-9  Speed Select Table

J2-14 J2-15 Command

OPEN OPEN Level 1, Input Setup, Command Source (parameter P1402)

CLOSED OPEN Preset 1

OPEN CLOSED Preset 2

CLOSED CLOSED Preset 3
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5.5.10  E-POT 2-Wire
Provides speed Increase and Decrease inputs to allow E-POT (Electronic Potentiometer) operation with 2 wire inputs. The 
values of the Preset Speeds are set in the Level 1 Preset Speeds block, Preset Speed #1 or Preset Speed #2. The opto 
inputs can be switches as shown in Figure 5-14 or logic signals from another device. 

Figure 5-14  E-POT 2-Wire Connection Diagram
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See recommended tightening torques in Table A-2.

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

J2-8 CLOSED allows normal control operation. 
  OPEN disables the control and the motor coasts to a stop. 
J2-9 CLOSED starts motor operation in the Forward direction.
  OPEN motor decels to stop.
J2-10 CLOSED starts motor operation in the Reverse direction.
  OPEN motor decels to stop.
  Note:  Closing both J2-9 and J2-10 at the same time will reset a fault.
J2-11  Selects Preset Speeds as defined in the Speed Select Table (Table 5-10).
J2-12 Selects Preset Speeds as defined in the Speed Select Table (Table 5-10).
J2-13 CLOSED selects ACC / DEC / S-ACC /S-DEC group 2. 
  OPEN selects ACC / DEC / S-ACC /S-DEC group 1.
J2-14 MOMENTARY CLOSED increases motor speed while contact is closed.  
J2-15 MOMENTARY CLOSED decreases motor speed while contact is closed.  
J2-16 Optional External Trip input (not required). If used, you must set Level 2 Drive Protect block, External Trip to “ON”.  
  CLOSED allows normal operation. 
  OPEN causes an External Trip to be received by the control (when programmed to “ON”). 

Table 5-10  Speed Select Table

J2-11 J2-12 Command

OPEN OPEN Electronic Pot

CLOSED OPEN Level 1, Input Setup, Command Source (parameter P1402)

OPEN CLOSED Preset 1

CLOSED CLOSED Preset 2
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5.5.11  E-POT 3-Wire
Provides speed Increase and Decrease inputs to allow E-POT operation with 3 wire inputs. The opto inputs can be switches 
as shown in Figure 5-15 or logic signals from another device.

Figure 5-15  E-POT 3-Wire Connection Diagram
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See recommended tightening torques in Table A-2.

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

J2-8 CLOSED allows normal control operation. 
  OPEN disables the control and the motor coasts to a stop. 
J2-9 MOMENTARY CLOSED starts motor operation in the Forward direction.
J2-10 MOMENTARY CLOSED starts motor operation in the Reverse direction.
  Note:  Closing both J2-9 and J2-10 at the same time will reset a fault.
J2-11  MOMENTARY OPEN motor decels to stop.
J2-12 CLOSED selects Level 1 Command Source parameter value.
   OPEN selects E-POT.
J2-13 CLOSED selects ACC / DEC / S-ACC /S-DEC group 2. 
   OPEN selects ACC / DEC / S-ACC /S-DEC group 1.
J2-14 MOMENTARY CLOSED increases motor speed while contact is closed.  
J2-15 MOMENTARY CLOSED decreases motor speed while contact is closed.  
J2-16 Optional External Trip input (not required). If used, you must set Level 2 Drive Protect block, External Trip to “ON”.  
  CLOSED allows normal operation. 
  OPEN causes an External Trip to be received by the control (when programmed to “ON”). 
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5.5.12  Network
Provides bipolar speed or torque control. Preset speeds are set in software. The opto inputs can be switches as shown in 
Figure 5-16 or logic signals from another device.

Figure 5-16  Network Connection Diagram
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See recommended tightening torques in Table A-2.

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

J2-8 CLOSED allows normal control operation. 
  OPEN disables the control and the motor coasts to a stop. 
J2-9 CLOSED to enable operation in the Forward direction.
  OPEN to disable Forward operation (drive will decel to a stop if a Network Forward command is still present).  
  Reverse  operation is still possible if J2-10 is closed.
J2-10 CLOSED to enable operation in the Reverse direction.
  OPEN to disable Reverse operation (drive will decel to a stop if a Network Reverse command is still present).  
  Forward  operation is still possible if J2-9 is closed.
J2-16 Optional External Trip input (not required). If used, you must set Level 2 Drive Protect block, External Trip to “ON”.  
  CLOSED allows normal operation. 
  OPEN causes an External Trip to be received by the control (when programmed to “ON”). 

Table 5-11  Modbus Coils that Affect this Mode

Coil Coil

2 Torque Mode (Vector Only) 35 Network Reference Source

3 Speed Mode 42 Select Acc/Dec Group 1

10 Process Torque (Vector Only) 43 Select Acc/Dec Group 2

11 Process Velocity 78 Stop, stops the motor

13 Network Current Limiting 79 Forward Run (terminal J2-9 must also be true)

15 Jog Mode 80 Reverse Run ( terminal J2-10 must also be true)

33 Keypad Reference Source (local) 81 Bipolar Mode (terminals J2-9 and J2-10 must also be true)

34 Terminal Block Reference Source (remote) 82 Network Drive enable and drive hardware enable (terminal 
J2-8) must both be set else drive is disabled
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5.5.13   Profile Run
Provides a speed profile consisting of seven segments to setup a cyclic operation or test cycle. The opto inputs can be 
switches as shown in Figure 5-17 or logic signals from another device. Speed settings for Speed curve 1 to speed curve 7 
are Preset Speed 1 to Preset Speed 7. See level 3, Profile Run block for more information.

Figure 5-17  Profile Run Connection Diagram

 

User Analog Return
Analog Input 1
Analog Ref. Power +

1
2
3
4
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7

J1

Analog Input 2+
Analog Input 2-
Analog Output 1
Analog Output 2

 

Enable
J2

Digital Output 1 + (Collector)       
Digital Output 1 - (Emitter)          
Digital Output 2 + (Collector)         
Digital Output 2 - (Emitter)            

     See Figure 5-4 for
connection information.

Enable

External Trip

 

Digital Input 1
Digital Input 2
Digital Input 3
Digital Input 4
Digital Input 5
Digital Input 6
Digital Input 7
Digital Input 8

8

17
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14
15
16

18
19
20

Reset

Forward Enable
Reverse Enable

Run
Cycle

 See recommended tightening torques in Table A-2.

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

J2-8 CLOSED allows normal operation. 
  OPEN disables the control and motor coasts to a stop. 
J2-9 CLOSED to enable operation in the Forward direction. 
  OPEN to disable Forward operation (drive will decel to a stop if a Forward profile run command is still present).  
  Reverse operation is still possible if J2-10 is closed. 
J2-10 CLOSED to enable operation in the Reverse direction. 
  OPEN to disable Reverse operation (drive will decel to a stop if a Reverse profile run command is still present).  
  Forward operation is still possible if J2-9 is closed. 
J2-11 CLOSED runs the profile for an indefinite number of cycles. When the Level 3, Profile Run, Number of Cycles  
  (P3001) cycle count is reached, the counter is reset and the mode restarts (continuous cycling). 
  Example:  If P3001 = 5 the profile runs 5 times, the counter is reset to zero, and will begin running 5 more cycles  
  immediately. As long as pin 11 is closed it will keep resetting the count to zero every time the number of cycles is  
  reached. 
  OPEN cycle mode is terminated when cycle count is reached. 
J2-12 CLOSED uses Run Command from J2-9 or J2-10. 
  OPEN uses Run Command from Keypad. 
J2-13 Not used. 
J2-14 Not used. 
J2-15 CLOSED resets an alarm or fault. 
  OPEN normal operation. 
J2-16 Optional External Trip input (not required). If used, you must set Level 2 Drive Protect block, External Trip to “ON”.  
  CLOSED allows normal operation. 
  OPEN causes an External Trip to be received by the control (when programmed to “ON”). 
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5.5.14  Bipolar
Provides bipolar speed or torque control (torque control is only available in Vector mode). Preset Speeds are set in software, 
the control is operated by the digital inputs and the command source. The opto inputs can be switches as shown in Figure 
5-18 or logic signals from another device. 

Figure 5-18  Bipolar Connection Diagram
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Digital Output 2 +
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V/F Mode

 

 

*

*

User Analog Return
Analog Input 1
Analog Ref. Power +
Analog Input 2 +
Analog Input 2 -
Analog Output 1
Analog Output 2

Enable
Forward Enable
Reverse Enable

Switch 1
Switch 2

Fault Reset
External Trip

See Figure 5-4 for 
connection information.

See Figure 5-4 for 
connection information.

*Note:  Remove factory jumper from J2-8 and
J3-24 before connecting switch at J2-8.

Open Loop Vector Mode

Enable
Forward Enable
Reverse Enable

Speed Torque
Switch 1
Switch 2

Fault Reset
External Trip

See recommended tightening torques in Table A-2.
 

J2-8     CLOSED allows normal control operation.
      OPEN disables the control and the motor coasts to a stop.
J2-9     CLOSED to enable operation in Forward direction.
      OPEN to disable Forward operation (drive will decel to a stop if a Forward reference command is still  
   present). Reverse operation is still possible if J2-10 is closed.
J2-10     CLOSED to enable operation in the Reverse direction. 
      OPEN to disable Reverse operation (drive will decel to a stop if a Reverse reference command is still  
   present). Forward operation is still possible if J2-9 is closed. 
      Note:  If J2-9 and J2-10 are both opened, the drive will decel to a stop. 
J2-12      CLOSED puts the control in torque command mode, Vector modes only. 
      OPEN puts the control in speed (velocity) command mode. 
      Note:  If a stop command is issued while in the torque (current) mode, the control will stop but will not  
              maintain position (zero current). This is different than zero speed operation for the velocity mode.
J2-13 & J2-14    Select from four parameter tables as defined in Table 5-12. 
J2-15     Momentary CLOSED to reset fault condition. 
      OPEN allows normal operation. 
J2-16     Optional External Trip input (not required). If used, you must set Level 2 Drive Protect block, External Trip  
   to “ON”. 
      CLOSED allows normal operation. 
      OPEN causes an External Trip to be received by the control (when programmed to “ON”). 

Table 5-12  Bipolar Mode Table Select Truth Table

J2-13 J2-14 Function

OPEN OPEN Parameter Table 1 (T1)

CLOSED OPEN Parameter Table 2 (T2)

OPEN CLOSED Parameter Table 3 (T3)

CLOSED CLOSED Parameter Table 4 (T4)

   Note:  See multiple parameter sets in this section.
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Bipolar - Multiple Parameter Sets 
The following procedure allows you to program up to four complete sets of parameter values and to use these multiple 
parameter sets. Each parameter table must be properly initialized before use. Each table must have an operating mode 
that supports table switching (Process Control, Bipolar or Network) and all motor data and related parameters must be the 
same in each table if switching tables with the drive enabled. When programming each parameter set, use the ENTER key to 
accept and automatically save parameter values. 
Note:  The control can be programmed in the REMOTE mode with the drive enabled. The control must be disabled to 
change the operating mode parameter. The operating mode is not stored with the other parameters in a parameter table. 

1. If this is a new installation, do this procedure after the Pre-Operation Checklist and Power-Up Procedures at the end of 
this section.

2. Set the Level 1 INPUT block, Operating Mode parameter value to BIPOLAR in each of the parameter sets. 

3. Set switches J2-13 and J2-14 to Parameter Table 1 (both switches open). Be sure switches J2-8, J2-9 and J2-10 are 
OPEN. Select Basic Parameters from the main Keypad menu. Perform each step including Calc Motor Model. This 
creates and saves the first parameter set which is numbered Table 1. 

4. Set switches J2-13 and J2-14 to Parameter Table 2. Be sure switches J2-8, J2-9 and J2-10 are OPEN. Select Basic 
Parameters from the main Keypad menu. Perform each step including Calc Motor Model. This creates and saves the 
second parameter set which is numbered Table 2. 

5. Set switches J2-13 and J2-14 to Parameter Table 3. Be sure switches J2-8, J2-9 and J2-10 are OPEN. Select Basic 
Parameters from the main Keypad menu. Perform each step including Calc Motor Model. This creates and saves the 
third parameter set which is numbered Table 3. 

6. Set switches J2-13 and J2-14 to Parameter Table 4. Be sure switches J2-8, J2-9 and J2-10 are OPEN. Select Basic 
Parameters from the main Keypad menu. Perform each step including Calc Motor Model. This creates and saves the final 
parameter set which is numbered Table 4. 

7. Remember that to change the value of a parameter in one of the parameter tables, you must first select the table using 
the switches. You cannot change a value in a table until you have first selected that table.

   Note:  The active parameter table is selected by Level 2:Drive Configure:Active Parameter Table P0052.

Example: 
Before attempting to switch parameter tables during operation “on the fly” using the digital inputs J2-13 & 14, the operating 
mode for each parameter table to be used must be initialized. Specifically, to switch from Table 1 to Table 2 then back to 
Table 1 both parameter Table 1 and parameter Table 2 must have operating modes that support table switching. Otherwise, 
once the switch occurs, switching back will not be possible. 

To illustrate this, prior to running Bipolar Mode perform the following steps: 

1. Use the keypad, set Level 2:Drive Configure:Active Parameter Table to 0 “Table 1”. 

2. Go to Level One and set Level 1:Input Setup:Operating Mode to Bipolar.
    Repeat the above steps but this time for Table 2.

3. Use the keypad, set Level 2:Drive Configure:Active Parameter Table to 1 “Table 2”. 

4. Go to Level One and set Level 1: Input Setup:Operating Mode to Bipolar.

The drive is now properly configured to switch between parameter Table 1 and Table 2.
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5.5.15  Pulse Follower
Provides encoder following (velocity mode only) of a control from an upstream pulse reference. 
This mode requires expansion board EXBHH007 and its operation is described in MN755.

5.5.16  PLC
Provides control from a PLC device (Programmable Logic Control) as described in Chapter 10 of this manual. Preset speeds 
are set in software. The opto inputs can be switches as shown in Figure 5-19 or logic signals from another device. 

Figure 5-19  PLC Connection Diagram
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Digital Output 1 - (Emitter)          
Digital Output 2 + (Collector)      
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Digital Input 3
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 Enable

See recommended tightening torques in Table A-2.

*

Optional
Inputs

J1
User Analog Return
Analog Input 1
Analog Ref. Power +
Analog Input 2 +
Analog Input 2 -
Analog Output 1
Analog Output 2

See Figure 5-4 for
connection information.

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

One input must be a direction
input (FWD or REV).

5.6  Digital Outputs

Digital Outputs 1 and 2 are opto isolated. Internal supply or a customer provided external power source may be used as 
shown in Figure 5-20. The maximum voltage from Digital Output to common when active is 1.0 VDC. 
If the Digital Outputs are used to directly drive a relay, a flyback diode rated at 1A, 100V (IN4002 or equivalent) minimum 
should be connected across the relay coil. See Figure 5-21. Each opto output is programmed in the Output programming 
block.

Figure 5-20  Digital Output Power Connections
 

Note: Digital Outputs are rated to 24VDC @ 60mA resistive (non-inductive).

Sinking Current ConnectionsSourcing Current Connections

Internally Supplied 24VDC Externally Supplied 24VDC

Sinking Current ConnectionsSourcing Current Connections

See recommended tightening torques in Table A-2.
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5.7  Relay Outputs

Relay Outputs 1 and 2 provide N.O. and N.C. voltage free contacts. The internal relay function is shown in Figure 5-21. 

Figure 5-21  Relay Contacts

J3

30Relay Out 2 N.O.

25
26
27

Relay Out 1 N.C.
Relay Out 1 COM
Relay Out 1 N.O.

 

28
29

Relay Out 2 N.C.
Relay Out 2 COM

Load

Load

 
Load

Load

RE

+

-

If the load is a DC relay
coil, install a flyback
diode across the coil to
reduce noise
transmission. RE

If the load is an AC
relay coil, install an RC
Snubber across the coil
to reduce noise
transmission.

RC Snubber

0.47 μf

33 Ω

See recommended tightening torques in Table A-2.

Control Board

Note:  Relay Outputs are rated to 10-30VDC or 240VAC @ 5A resistive (non-inductive).

5.8  USB Port

The USB port shown in Figure 5-22 is a full 12Mbps USB 2.0 compliant port for serial communications. The connections are 
described in Figure 5-22 and Table 5-13. 

Figure 5-22  USB Receptacle Pin Identification
                                               

Peripheral  End (USB-B)

Host End (USB-A) 1 4

1

4

2

3

 

Table 5-13  USB Port Connections

Pin Signal Name Description

1 Vbus USBus power from the host for monitoring

2 D- Data Return

3 D+ Data In

4 GND Power Supply Return
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5.9  Communication Expansion Boards

The communication module slots are shown in Figure 5-23. All option boards are designed as plug-in modules.

Figure 5-23  Expansion Board Location

 

I/O Module Slot1
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Connector
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Board

Connector

J1
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See recommended tightening torques in Table A-2.

5.9.1  RS485 Modbus
The serial communications port on the control board supports RS485 communications, Figure 5-23. The baud rate and node 
addresses are selectable from the Keypad. Jumper JP3 (Figure 5-23) on the control board sets termination. As shown (pins 2 
and 3 jumpered) no terminating resistor is used. Setting the jumper to pins 1 and 2 selects the 120 ohm terminating resistor 
for the RS485 cable. The RS485 connections are described in Table 5-14. Refer to MN744 for connection and software 
information. Note that the hardware specifications for this port follow the RS-485 standard.

Table 5-14  RS485 Multi-Drop Port Connections

S
B

A
S

G

Pin Signal Name Description

1 SCR Screen termination, connected to chassis on the control board

2 B Data Return

3 A Data In

4 GND Power Supply Return

5 SCR Screen termination, connected to chassis on the control board
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5.10  Opto-Isolated Inputs

The equivalent circuit of the nine opto inputs is shown in Figure 5-24. The function of each input depends on the operating 
mode selected and are described previously in this section. This Figure also shows the connections using the internal opto 
input Supply. 

Figure 5-24  Opto-Input Connections
 

See recommended terminal tightening torques in Table A-2.
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    See Figure 5-4 for
connection information.

Opto In Common

5.11  Opto-Isolated Outputs

The outputs are opto isolated and may be configured for sinking or sourcing. However, all must be configured the same. The 
maximum voltage from opto output to common when active is 1.0 VDC (TTL compatible). The equivalent circuit for the opto 
isolated outputs is shown in Figure 5-25. 

Figure 5-25  Opto-Output Equivalent Circuit
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Digital Output 1 (Emitter) 
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Digital Output 2 (Emitter) 

J2

PC865
50mA max

PC865
50mA max

See recommended terminal tightening torques in Table A-2.
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5.12  Pre-Operation Checklist (Check of Electrical Items)

1. Verify AC line voltage at source matches control rating. 
2. Inspect all power connections for accuracy, workmanship and tightness and compliance to codes. 
3. Verify control and motor are grounded to each other and the control is connected to earth ground. 
4. Check all signal wiring for accuracy. 
5. Be certain all brake coils, contactors and relay coils have noise suppression. This should be an R-C filter for AC coils and 

reverse polarity diodes for DC coils. MOV type transient suppression is not adequate. 

5.13  Powerup Procedure

1.  Remove all power from the control. 
2.  Verify that any enable inputs to J2-8 are open. 
3.  Disconnect the motor from the load (including coupling or inertia wheels). 
4.  Turn power on. Be sure there are no faults. 
5.  Set the Level 2 Output Limits block, “OPERATING ZONE” parameter as desired 
      (STD CONST TQ, STD VAR TQ, QUIET CONST TQ or QUIET VAR TQ).
6.  If external dynamic brake hardware is used, set the Level 2 Brake Adjust block “Resistor Ohms” and “Resistor Watts”   
      parameters. 
7.  Enable the control (J2-8 connect to J3-24). 

    WARNING:  The motor shaft will rotate during this procedure. Be certain that unexpected motor shaft movement  
              will not cause injury to personnel or damage to equipment. 

8.  Select basic parameters from the main Keypad menu. Perform each step including “CALC MOTOR MODEL” (P2414). 
9.  Select “Advanced Prog”, Level 2 Blocks, Auto Tune, “One-Step Tuning” and run all tests.
10.  Remove all power from the control. 
11.  Couple the motor to its load. 
12.  Verify freedom of motion of motor shaft. 
13.  Verify the motor coupling is tight without backlash. 
14.  Verify the holding brakes if any, are properly adjusted to fully release and set to the desired torque value. 
15.  Turn power on. Be sure no errors are displayed. 
16.  Execute “Speed Loop Tune” (Vector Mode Only).
17.  Run the drive from the keypad using one of the following: the arrow keys for direct speed control, a keypad entered   
      speed or the JOG mode. 
18.  Select and program additional parameters to suit your application. 

The control is now ready for use in the keypad mode. If a different operating mode is desired, refer to Chapter 5 Operating 
Modes and Chapter 6 Programming and Operation. 
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5.14  Mint WorkBench

As an alternative to using the keypad for programming and setup, Baldor’s Mint WorkBench software version 5.5 or greater 
can be used. When the software is installed and configured, the help topics provide information on how to use the software. 
The following procedure will help you install and configure the software. 
Before you can use Mint WorkBench software, it must be installed on your PC’s hard drive.  
Be sure that the USB port of the control is connected to a USB port on your PC. 
This must be connected to establish communication after the software is installed.

5.14.1  Install USB Driver
The control connects to a PC by using USB cable connection. This procedure installs the USB driver that is required by 
Windows. 
1. The software must be downloaded from the Baldor site: http://www.baldor.com. Simply log into that web site and select 

Products then select AC Controls then select VS1SP to locate the Software tools. 
2. USB Device Driver 

Figure 5-26  USB Driver
 

Select Control Type

Select Control Type

 
          
     

         

            

3. Click on USB Device Drive and select Open to view the uncompressed files.

 

4. Be sure the control is powered up.
5. Connect the USB cable to the control.
6. Install the USB drivers.

a. Choose “install from a list or specific location” and click Next.
b. Choose “Don’t search I will choose the driver to install”.
c. Click “Have Disk”. Then enter the location that you stored the inf and sys file (in step 3) and click Next to install the 

driver files.

7. Proceed to the Mint WorkBench installation procedure. 
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5.14.2  Install Mint WorkBench
1. Use the Add/Remove Software feature of the Windows control panel and remove previous versions of Mint WorkBench 

software.
2. The software must be downloaded from the Baldor site: http://www.baldor.com 
     Simply log into that web site, Figure 5-26, and locate 
                               1. Mint WorkBench v X.x 
3. Click on Download the software, and run the installation program. 
4. When installation is complete, the Mint WorkBench program will start, see Figure 5-27. 

a.  Click “Start New Project”. 
b.  Click “Scan”. 
c.  Select “H2” platform from the list. 
d.  Click Select and the Mint WorkBench main menu is displayed, see Figure 5-28.

Figure 5-27  Mint WorkBench Software Set-up

 

a
c

b

d

Figure 5-28  Communication Established

IHH-1.22IHH-1.22

 Software version is Inverter (IHH) version 1 release 22.
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5. Parameter values can be modified as desired.

Figure 5-29  Mint WorkBench Main Menu

Change a Parameter Value Example:
Change Preset Speed 1 to 48 RPM.
Click on Preset Speeds Block.
Click in the Value Column for Preset Speed 1. 
Type in the new value “48” press enter.
Note that the keypad will instantly display the 
new value.

If the parameter value is a selection, a list will 
appear for you to make the selection.

6. When all parameter values are as desired, they can be saved to a file. Click File, see Figure 5-30. The PTX file is saved in 
My Documents\My Mint directory.

7. When complete, the entire project can be saved to your PCs hard disk for future use. Click File, Save File, see Figure 
5-30. The WBX file is saved in C:\Program Files\Mint Machine Center\Firmware\ you can choose the directory. 

Figure 5-30  Save Parameters & Project

 
               

Note:  For Parameter Tables, a .ptx extension is       Note:  For Mint WorkBench Projects, a .wbx extension is 
           automatically added when you enter a file name.                 automatically added when you enter a file name.
  
The help menus provided with the software can be used to explore other features and descriptions of menu choices. 
As previously stated, either the Mint WorkBench program or the Keypad can be used to adjust parameter values for the 
application.
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5.14.3  Update Firmware
Installing chx Files 
(If you are installing msx files skip this procedure and go to “Installing msx Files”). 
This procedure erases memory and restores factory settings. All user data will be lost. After the firmware download, all user 
data values must be reprogrammed. 
1. The software must be downloaded from the Baldor site: http://www.baldor.com 
     Simply log into that web site, Figure 5-26. Locate and click on Drive Firmware.
2. Save the firmware file to a location on your hard disk. 
     (for example: C:\Program Files\Mint Machine Center\Firmware\VS1 Vector\IHH_1_22.chx). 
This procedure erases memory and restores factory settings. All user data will be lost. After the firmware download, all user 
data values must be reprogrammed. 
3. Start the Workbench program as before,  see Figure 5-31. 

a.  Select “Download Firmware” from the Tools menu. 
b.  Select “Advanced” then “Download Firmware File”, click “Yes” at the warning to download. 
c.  Select the firmware file to download (for example: IHH_1_22chx). 
d.  When complete, the new firmware version is displayed and the control is ready for use.

Note: All user settings and motor parameter values have been over written by factory settings.

Figure 5-31  Mint WorkBench Firmware Update

IHH-1.22
a

c d

b

 Software version is Inverter (IHH) version 1 release 22.

 

                                            
                                                                                                
                 

Installing A Mint System (.msx) file 
(If you are installing chx files skip this procedure and go to “Installing chx Files”). 
This procedure erases memory and restores factory settings. All user data will be lost. After the firmware download, all user 
data values must be reprogrammed. 
1. The msx file must be saved to a location on your hard disk (for example: C:\Program Files\Mint Machine Center\

Firmware\VS1 Inverter\VS1 Inverter Build 122msx). This procedure installs the msx file contents within the same directory 
(chx, ini and txt files are extracted).

2. Start the WorkBench program as before, see Figure 5-27. 
a.  Select “Install System File Firmware” from the Tools menu, Figure 5-32. 
b.  Select the firmware file to download (for example: VS1 Inverter Build 122.msx) 
c.  Select OPEN. 
d.  When complete, the install successful message is displayed, click OK.

Figure 5-32  Mint WorkBench Firmware Update
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122.msxVS1

VS1 Vector

122.chx

122.ini

122.msx

122.txt

Original msx file
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3. This procedure erases memory and restores factory settings. All user data will be lost. 
      After the firmware download, all user data values must be reprogrammed. 

a.  Select “Download Firmware” from the Tools menu, Figure 5-33. 
b.  Select control type and version to download. 
c.  Select Download to control to download the firmware. 
d.  When complete, the new firmware version is displayed and the control is ready for use.

Note:  All user settings and motor parameter values have been over written by factory settings.

Figure 5-33  Mint WorkBench Firmware Update
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b
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Chapter 6
Using the Keypad  

6.1  Keypad Components

The keypad is used to program the control parameters, to operate the motor and to monitor the status and outputs of the 
control by accessing the display options, the diagnostic menus and the fault log. Additionally drive parameters can be 
stored in the keypad for future retrieval.  

6.1.1  Display Description

Keypad Display – Displays status 
Information during Local or Remote 
operation. It also displays information 
during parameter setup and fault or 
Diagnostic information. STATUS FWD LOCAL

DIAG 600r MAIN

159.5 V 600 RPM
6.2 A 20.0 HZ

Display Diagnostics – 
I/O Status
I/O Function configuration
Modified Parameters
Control Operation Data
Custom Units
Fault Display – 10 Faults with Time 
Stamp

F1 – Alternates or “toggles” between
The last two menu choices or function
Indicated by text displayed directly 
Above key. 

F2 – Clears faults or undo parameter 
edit changes or function indicated by 
text displayed directly above key.
         Up Arrow
         Down Arrow
         Left Arrow
       Right Arrow
Moves cursor to select menu choices.

ENTER – Press ENTER to save 
parameter value changes. In the 
display mode the ENTER key is used to 
directly set the local speed reference. It 
is also used to select other operations 
when prompted by the keypad display.

LOCAL/REMOTE – Switches between 
local and remote modes.

MENU/ESC – Selects the menu 
display when viewing status. The 
following menu items are shown: 
Status, Basic Params, Advanced Prog, 
Event Log, Diagnostics and Display 
Options. Backs up one level for other 
screens.

HELP – Provides help at each display 
screen, setup parameter and fault. 
Press to view/close help information.

REV – When pressed, initiates a 
reverse direction run command.

JOG – Initiates Jog mode. Press FWD 
or REV for motion. Only active in local 
mode.

STOP – Initiates a stop command. 
Note: Pressing the stop key twice in 
succession will immediately disable the 
drive placing the motor in a coast stop 
condition.
  

FWD – When pressed, initiates a 
forward direction run command.

Indicator Lights – (on indicated key)
STOP key with red light indicator.
FWD key with green light indicator.
REV key with green light indicator.
JOG key with green light indicator.
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6.1.2  Display Features

  

 Present Menu Selection

STOP=Stop; FWD=Forward; REV=Reverse

Local / Remote Mode

 Previous Menu Selection
(Press F1 to return to previous menu)

Speed Reference

Press F2 to go back one menu level

STATUS FWD LOCAL

DIAG 600r MAIN

159.5V 600RPM
6.2A 20.0HZ

Prog Mode Display Features:                                                                   

The first character of the parameter number
has the following meaning:

F = Factory Setting (parameter value has not been changed)

C = Custom value set by user (not factory value)

PROG

STATUS BACK

PRESET SPEED 1
30RPM

F1001T1

PRESET SPEEDS

Parameter Table used:    
T1, T2, T3, T4.

V = Parameter value may be Viewed but not changed

L = Parameter value is locked, security code required
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6.2  Status Mode

When AC power is applied to the control, the keypad will display the status.

Action Description Display Comments

A
S

A S

STATUS STOP LOCAL

DIAG 0.00r MAIN

A

A
STOP

STATUS LOCAL

DIAG 0.00r MAIN

STOP

STATUS LOCAL

DIAG 0.00r MAIN

STOP

STATUS LOCAL

DIAG 0.00r MAIN

STOP

STATUS LOCAL

DIAG 0.00r MAIN

STOP

STATUS LOCAL

DIAG 0.00r MAIN

STATUS STOP LOCAL

DIAG 0 r MAIN

A

STATUS FWD LOCAL

DIAG 600r MAIN

A

A

A

A
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6.3  Menu Display

After power-up the display shows the Status screen. Press the Menu key to display menu options.

Action Description Display Comments

S STATUS STOP LOCAL

DIAG 0.00r MAIN

A

DIAG BACK

STATUS
BASIC PARAMS
ADVANCED PROG
EVENT LOG
DIAGNOSTICS

6.4  Basic Params

From the Menu display screen, select Basic Params and press Enter. 

Parameter Status
All programmable parameters are displayed with an “F” at the bottom center of the display. “F” means it is the factory 
setting value. “C” means it is a custom value set by the user. “V” means the parameter value may be viewed but not 
changed while the motor is operating. If the parameter is displayed with an “L”, the value is locked and may not be changed 
until the security code is entered.

Action Description Display Comments
 Basic Params Display Control type display.   The

parameter number “1601” is given
at the bottom center of the
display.  “F”1601 indicates it is at
the factory setting and has not
been changed.

BASIC

STATUS F1601T1 BACK

CONTROL TYPE
V/F Control

MOTOR CONTROL  Press Enter to select the
parameter and press the  or 
keys to change the preset value
to a di erent control type.
Press enter when nished to exit
and save the new value or F2 to
exit without saving.

Press  to go to the
next Basic Params
screen.

BASIC

STATUS F2401T1 BACK

MOTOR RATED VOLT
240.0  V

MOTOR DATA T1 indicates the Table Number or
the parameter list in use.  Four
parameter tables are available,
T1, T2, T3 or T4 
(See Level 2, Drive Cong, Active
Param Table parameter P0052.)

Press  to go to the
next Basic Params
screen.

BASIC

STATUS F2402T1 BACK

MOTOR RATED AMPS
9.6  A

MOTOR DATA

Press   to go to the
next Basic Params
screen.

BASIC

STATUS F2405T1 BACK

MOTOR MAG AMPS
3.1  A

Press   to go to the
next Basic Params
screen.

BASIC

STATUS F2403T1 BACK

MOTOR RATED SPD
1754 RPM

MOTOR DATA

MOTOR DATA

Press  to go to the
next Basic Params
screen.

BASIC

STATUS F2416T1 BACK

MOTOR RATED HP
10.0  HP

MOTOR DATA
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Basic Params Continued

Action Description Display Comments

B
BASIC

B
BASIC

B
BASIC

B
BASIC

B
BASIC

B

B

B
BASIC

END OF
BASIC PARAMS

 F2003T1                  BACK

MAX OUTPUT SPEED  
60.00 Hz

DRIVE LIMITSBASIC

BACK

  F2002T1                BACK

MIN OUTPUT SPEED 
0.00 Hz

BASIC  

F1104T1 BACK

DECEL TIME 1 
3.0 SEC

 

 RAMP RATES 

F1101T1 BACK

ACCEL TIME 1 
3.0 SEC

F1401T1 BACK

OPERATING MODE 
Keypad

 INPUT SETUP 

MOTOR DATA

MOTOR DATA

F2414 BACK

BACK

  

CALC MOTOR MODEL  
           No

F2404T1

MOTOR RATED FREQ
60.00  HZ

STATUS

STATUS

STATUS

STATUS

STATUS

STATUS

STATUS

STATUS

DRIVE LIMITS

 RAMP RATES 
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How to Change a Value
These are the BASIC screens. To change a value, simply display the desired parameter and press Enter and change the 
value. For example:

Action Description Display Comments

B
BAS

STATUS F1601T1 BACK

CONTROL TYPE

MOTOR CONTROL

EDIT

END F1601T1 BACK

MOTOR CONTROL

CONTROL TYPE

EDIT

END F1601T1 BACK

MOTOR CONTROL

CONTROL TYPE
Open Vector

BASIC

STATUS C1601T1 BACK

MOTOR CONTROL

CONTROL TYPE
Open Vector

When editing a parameter value, the function of the “F1” key (previous parameter block) shown in the lower left of the 
display changes to one of the following to help select the parameter value: TOP Press “F1” to display and select the first 
value in the list of parameter values.  

When the first parameter value is displayed, press Enter or scroll to select a different value. END Press “F1” to display and 
select the last value in the list of parameter values.  
       
When the last parameter value is displayed, press Enter or scroll to select a different value. DEF Press “F1” to display and 
select the Factory Setting  value. 
PREV Press “F1” to display and select previous value. 
MIN Press “F1” to display and select minimum parameter value. 
MAX Press “F1” to display and select maximum parameter value. 

Note:  When END is displayed, Pressing “F1” will display the last value in the list but then TOP or DEF is displayed.    
         The “F1” key allows you to quickly move through large lists of parameter choices. The value is not selected until  
         you press “Enter”. 



  Using the Keypad   6-7MN764

6.5  Save Parameter Values

The keypad keys and display work with the memory of the control. When a parameter value is displayed, the displayed value 
is the value stored in control memory. The changes are written to non-volatile memory and are stored even when power is 
removed. Normal control operation can resume when power is restored. 

Keypad memory is only used to backup the four parameter tables stored in control memory. This means that after the 
parameters are configured for the application and the control operation is as desired, a copy of the parameters can be 
saved to keypad memory as a backup copy. This backup copy can be restored at any time. This is useful to restore program 
operation after a firmware update or to make several controls operate the same. It prevents having to make the changes to 
each control individually.

Action Description Display Comments

G A
S

PRESET  SPEEDS
RAMP RATES

JOG SETTINGS
KEYPAD SETUP
INPUT SETUP

S
S A A S A PROG

F1310

PARAMS TO KEYPAD
No

KEYPAD SETUP

STATUS BACK

EDIT

F1310

PARAMS TO KEYPAD
Yes

KEYPAD SETUP

STATUS BACK

S

PROG

F1310

PARAMS TO KEYPAD
No

KEYPAD SETUP

STATUS BACK

S

STATUS                                           BACK

A copy of all four parameter tables have now been saved to non-volatile keypad memory.
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6.6  Restore Parameter Values

The keypad keys and display work with the memory of the control. When a parameter value is displayed, the displayed value 
is the value stored in control memory. The changes are written to non-volatile memory and are stored even when power is 
removed. Normal control operation can resume when power is restored. 

Keypad memory is only used to backup the four parameter tables stored in control memory. This means that after the 
parameters are configured for the application and the control operation is as desired, a copy of the parameters can be 
saved to keypad memory as a backup copy. This backup copy can be restored at any time. This is useful to restore program 
operation after a firmware update or to make several controls operate the same. It prevents having to make the changes to 
each control individually. 

 Action Description Display Comments

G A
S

PRESET SPEEDS
RAMP RATES

JOG SETTINGS
KEYPAD SETUP
INPUT SETUP

S
S A S PROG

F1311T1

DOWNLOAD SELECT
ALL

KEYPAD SETUP

STATUS BACK

A

otor

t er A

S A A A S PROG

F1312

KEYPAD TO PARAMS
No

KEYPAD SETUP

STATUS BACK

EDIT

F1312

KEYPAD TO PARAMS
Yes

KEYPAD SETUP

STATUS BACK

S

PROG

F1312

KEYPAD TO PARAMS
No

KEYPAD SETUP

STATUS BACK

S

A copy of all four parameter tables have now been restored to non-volatile memory control.
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6.7  Advanced Prog

At the Menu display screen, select ADVANCED PROG and press Enter. This menu provides access to all drive parameters 
which are organized in blocks that are grouped into one of 3 levels. Examples of tasks accomplished via this menu are:  
1. Adjustment of motor data not available in the basic parameters menu.  
2. Auto Tune the motor. 
3. Customize the drive parameters to your application.

Parameter Status
All programmable parameters are displayed with its parameter number shown at the bottom center of the display. “F” means 
it is the factory setting value. “C” means it is a custom value set by the user. “V” means the parameter value may be viewed 
but not changed while the motor is operating. If the parameter is displayed with an “L”, the value is locked and may not be 
changed until the security code is entered.

Action Description Display Comments
A A

 LEVEL 1 BLOCKS
LEVEL 2 BLOCKS
LEVEL 3 BLOCKS

MODIFIED PARAMS
LINEAR LIST

 
 

A
B

PRESET SPEEDS
RAMP RATES

JOG SETTINGS
KEYPAD SETUP
INPUT SETUP

S
PROG

PRESET SPEED 1

F1001T1

S

S
EDIT

F1001T1

PRESET SPEED 1

MAX RESET

PRESET SPEEDS

EDIT

F1001T1

PRESET SPEED 1

MAX RESET

PRESET SPEEDS

PROG

C1001T1

PRESET SPEED 1

STATUS BACK

PRESET SPEEDS

S

STATUS                                           BACK

STATUS                                        BACK

STATUS                                         BACK

PRESET SPEEDS

block

Parameter values in other Level 1, 2 and 3 blocks can be selected and edited in the same way.



6-10  Using the Keypad MN764

6.7.1  Modified Parameters
Allows viewing of all parameters that have been changed from factory set values.

Action Description Display Comments
A A

  LEVEL 1  BLOCKS
LEVEL 2  BLOCKS
LEVEL 3  BLOCKS

MODIFIED PARAMS
LINEAR LIST

 

PROG

PRESET SPEED 1
     

C1001T1STATUS BACK

PRESET SPEEDS

A

PROG

C1401T1

OPERATING MODE
PLC

STATUS BACK

INPUT SETUP

A

6.7.2  Linear List

Action Description Display Comments
Advanced Prog Display Top Level Advanced Prog menu.

 LEVEL 1 BLOCKS
LEVEL 2 BLOCKS
LEVEL 3 BLOCKS

MODIFIED PARAMS
LINEAR LIST

Press   to scroll to Linear List.
Press enter to view list of
parameters beginning with 1001.

Press Enter to select
se uential view of
parameters by
parameter number
“Linear List”.

The number and name of each
parameter is displayed in listing
format.
The first character of the parameter
number has the following meaning:
F = Factory Setting 
C = Custom value set by user 
V = Parameter value may be Viewed

but not changed.
L = Parameter value is locked, security

code required.

PNUM BACK

C1001   PRESET SPEED 1
F1002   PRESET SPEED 2
F1003   PRESET SPEED 3
F1004   PRESET SPEED 4
F1005   PRESET SPEED 5

Press   or  keys to scroll to
through the parameter list.
Press  or   keys  to ump to
next page. 
Press F2 to return to previous
menu.



  Using the Keypad   6-11MN764

Change a parameter value within the linear list as follows:

Action Description Display Comments

PNUM BACK

C1001  PRESET SPEED 1
F1002   PRESET SPEED 2
F1003   PRESET SPEED 3
F1004   PRESET SPEED 4
F1005   PRESET SPEED 5

A

PROG

PRESET SPEED 1
       

C1001T1STATUS BACK

PRESET SPEEDS

Jump to display a different range of parameters as follows:

  Press F1 key (PN )
to highlight Parameter
Number.

The parameter number is
highlighted.

PNUM BACK

Press  F1 key (PN ) to highlight
Parameter Number.
Press  or  keys to scroll. 
Press F2 (BAC ) to return to
previous menu.

Press Enter key to edit
the highlight Parameter
Number.

The parameter number is
highlighted.

PNUM BACK

C2001  PRESET SPEED 1
F1002   PRESET SPEED 2
F1003   PRESET SPEED 3
F1004   PRESET SPEED 4
F1005   PRESET SPEED 5

se cursor keys to position cursor
and increase or decrease each
character under the cursor as
desired. Press Enter when
nished.
Press F2 to return to previous
menu.

The newly selected parameter
number range is displayed.  
These values may be viewed and
changed or ump to a different
parameter range may be
performed.

PNUM BACK

F2001 OPERATING ZONE
F2002   MIN OUTPUT SPEED
F2003   MAX OUTPUT SPEED
F2004   PWM FREQUENCY
F2006   PEAK CURR LEVEL

Press   or  keys to scroll to
through the parameter list.
Press  or   keys  to ump to
next page.  Press F2 (BAC ) to
return to previous menu.

C1001  PRESET SPEED 1
F1002   PRESET SPEED 2
F1003   PRESET SPEED 3
F1004   PRESET SPEED 4
F1005   PRESET SPEED 5
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6.8  Event Log

From the Menu display screen, select Event Log and press enter. Trace is used to display control conditions present at the 
time the fault occurred. A separate trace log is recorded for each event. 

Action Description Display Comments

LOW INITIAL BUS
0 Date    Time

Entry #
 0-9

SS

Displays error name, 
Entry # and time the 
error occurred.

EV. LOG

STATUS TRACE

      LOW INITIAL BUS
0 4-Jul-06   09:35:00

LOCALSTOP

S

Input states, Output states, various voltage and current values etc. can be viewed to help understand the cause of the fault 
condition. See Chapter 9 of this manual for more information.

6.9  Diagnostics

From the Menu display screen, select Diagnostics and press enter. These are read only values with the exception of the real 
time clock settings.
See Chapter 9 for a more detailed description.

Action Description Display Comments
Press enu Displays top level menu options.

STATUS
BASIC PARAMS

ADVANCED PROG
EVENT LOG

DIAGNOSTICS

STATUS BACK

Press   or  to move cursor over
the “D A N ST CS” selection.

Press   to display next
group.

Displays active operating mode
settings.

EV. LOG 0.00r MAIN

OPERATING MODE
Keypad
Speed

V/F Control

DIAG STOP LOCAL

Press   to display next
group.

Bit display of digital inputs,
outputs and the voltage present at
the internal 24V supply terminals.

EV. LOG 0.00r MAIN

DIGITAL I/O
INPUTS 100000000
OUTPUTS 0001
USER 24V 24.9V

DIAG STOP LOCAL Press   or  to go to the next or
previous Diagnostic screen.

Press F2 to return to previous
menu.

Press   to display next
group.

Output Frequency , % Feedforward
% Setpoint, % Feedback

EV. LOG 0.00r MAIN

    PROC CONTROL PID
         0.00HZ 0.0FF

         0.0SP 0.0FB

DIAG STOP LOCAL Press   or  to go to the next or
previous Diagnostic screen.
Press F2 to return to previous
menu.
Note:  This screen does not appear
unless P#1401 is set to Process Control.

Displays software version, hp,
volts and Amp/Volt ratings.

EV. LOG 0.00r MAIN

IHH-1.22
RATED HP 3HP
RATED VOLTS 240.0V
RATED A/V 4.0A/V

DIAG STOP LOCAL Press   to go to the next or
previous Diagnostic screen.

Press F2 to return to previous
menu.

 

 

 or 

Note   Example display shows that 
             the drive enable terminal 
             ( 2 ) is on and that 
             elay ut 2 is on.

Press Enter to view diagnostic
information.

Press  to display next
group.

Press  to display next
group.

EV. LOG 0.00r MAIN

RATED CURRE 9.6A
RATED PK CU 16.8A

DIAG STOP LOCAL Press   to go to the next or
previous Diagnostic screen.

Press F2 to return to previous
menu.

 or 
1.22

Displays software version, drive
rated and peak current ratings.
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Diagnostics Continued

Action Description Display Comments

EV. LOG 0.00r MAIN

ENERGY
EST  POWER 0.00KW   
EST  ENERGY 0.0KWH
EST  COST 0.0$    
 

DIAG STOP LOCAL

S

A

EV. LOG 0.00r MAIN

ANALOG INPUTS

ANA IN1 1.3v
ANA IN2 0.0v

DIAG LOCAL

A

EV. LOG 0.00r MAIN

ANALOG OUTPUTS

ANA OUT1 0.0V
ANA OUT2 0.0V

DIAG LOCAL

EV. LOG 0.00r MAIN

KEYPAD VERSION
KEYPAD SOF       1.1X

DIAG LOCAL

EV. LOG 0.00r MAIN

OPTION BOARDS
OPTION 1 ETHERNET
OPTION 2 NONE
FEEDBACK NONE

DIAG LOCAL

EV. LOG 0.00r Alarm

COMPOSITE REF
COMPONENT A 0.00%
COMPONENT B 0.00%
REFERENCE 0.00%

DIAG LOCAL

B
DRIVE

BUS VOLTAGE 333.9V
DRIVE TEMP 26.1C
DRIVE O/L L 100.0%

DIAG LOCAL

EV. LOG 0.00r Alarm

MOTOR
MOTOR VOLTAGE 333.9V
MOTOR CURR 4.8A
MOTOR O/L L 100.0%

DIAG LOCAL

EV. LOG 0.00r Alarm

S

STOP

STOP

STOP

STOP

STOP

STOP

STOP

REAL TIME CLOCK

 

DIAG STOP LOCAL

B

GA
EV. LOG 0.00r MAIN

POWER BASE VERSION
ID 0x000A2003
EE VER 0x00000001
FPGA VER 0x00000A02

DIAG LOCALSTOP

B

EV. LOG 0.00r MAIN

Jan 1, 2009
22:07:35

RUN TIMER 474.1HR
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6.10  Display Options

Action Description Display Comments

PROG KEYPAD SETUP

DIAG F1313T1 BACK

KEYPAD CONTRAST
50%

PROG KEYPAD SETUP

DIAG F1314T1 BACK

BACKLIGHT
On
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6.11  Operating the Control from the Keypad

To activate the LOCAL Mode, first press the “STOP” key (if enabled). 
Note:  Pressing the keypad STOP key (if enabled) will automatically issue a motor stop command and change to LOCAL    
           mode. Selection of LOCAL Mode overrides any remote or serial control inputs except the External Trip input, Local 
Enable Input or STOP input. 
The control can operate the motor from the keypad in two ways. 
1. JOG Command. 
2. Speed adjustment with Keypad entered values and/or Keypad Up/Down arrow keys. 
Note:  If the level 1, input block operating mode parameter is set to Keypad, then no other means of operation is permitted  
         other than from the keypad. 

6.11.1  Accessing the Keypad JOG Command

Action Description Display Comments

S STATUS STOP LOCAL

DIAG 0.00r MAIN

0.0V 0RPM
0.0A 0.0HZ

G G
G

G

STATUS FWD LOCAL

DIAG 7.00r MAIN

26.8V 210RPM
1.3A 7.0HZ

S

S

S
G

6.11.2  Speed Adjustment using Local Speed Reference

Action Description Display Comments
At the Status Display,
press ENTE  key to
access Local Speed

eference.

EDIT  LOCAL REFs

MAX F0201 RESET

LOC SPEED REF
000.00 Hz

EDIT

DIAG F0201 BACK

LOC SPEED REF
000.00 Hz

Press   to move cursor.
Press  to increase or
decrease value at cursor.
Press ENTE  when nished and
save the new value.

EDIT

DIAG C0201 BACK

LOC SPEED REF
020.00 Hz

Press   to move cursor.
Press  to increase or
decrease value at cursor.
Press ENTE  when nished and
save the new value.

Press F D or EV key. The control will turn the motor
shaft at the local speed ref speed. STATUS FWD LOCAL

DIAG 20.00r BACK

76.7V 600RPM
1.3A 20.0Hz

Press ST P key to terminate
local speed mode.

Press  to increase or
decrease motor speed during
rotation.

 or 

 or 
 or 

 or 

 or 

 LOCAL REFs

 LOCAL REFs
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Chapter 7
Parameter Descriptions  

7.1  Level 1 Parameters (Advanced Prog, Level 1 Blocks)

Table 7-1  Level 1 Parameter Block Definitions

Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

PRESET 
SPEEDS

PRESET SPEED 1 (1001)
PRESET SPEED 2 (1002)
PRESET SPEED 3 (1003)
PRESET SPEED 4 (1004)
PRESET SPEED 5 (1005)
PRESET SPEED 6 (1006)
PRESET SPEED 7 (1007)
PRESET SPEED 8 (1008)
PRESET SPEED 9 (1009)
PRESET SPEED 10 (1010)
PRESET SPEED 11 (1011)
PRESET SPEED 12 (1012)
PRESET SPEED 13 (1013)
PRESET SPEED 14 (1014)
PRESET SPEED 15 (1015)

Preset Value: 1
Preset Value: 2
Preset Value: 3
Preset Value: 4
Preset Value: 5
Preset Value: 6
Preset Value: 7
Preset Value: 8
Preset Value: 9
Preset Value: 10
Preset Value: 11
Preset Value: 12
Preset Value: 13
Preset Value: 14
Preset Value: 15
Range: 0 - Max Speed Hz

Allows selection of 15 predefined motor operating speeds. Each speed may 
be selected using external switches connected to terminals at J2. For motor 
operation, a motor direction command must be given along with a preset 
speed command. 

RAMP 
RATES

ACCEL TIME 1 (1101)
ACCEL TIME 2 (1107)

Preset Value: 3.0 
Preset Value: 3.0 
Range: 0.0 to 3600.0 Seconds

Accel time is the number of seconds required for the motor to increase at a 
linear rate from 0 to “Max Output Speed” parameter (P2003) in the Level 2 
Output Limits block. 

DECEL TIME 1 (1104) 
DECEL TIME 2 (1110) 

Preset Value: 3.0 
Preset Value: 3.0 
Range: 0.0 to 3600.0 Seconds

Decel time is the number of seconds required for the motor to decrease at 
a linear rate from the speed specified in the “Max Output Speed” parameter 
(P2003) to 0. 

START S-ACC 1 (1102)
START S-ACC 2 (1108)

Preset Value: 0.0
Preset Value: 0.0
Range: 0.0 to 100.0%

Start S-Curve Acceleration as a percentage of accel time (% 1 and 2). 

END S-ACC 1 (1103)
END S-ACC 2 (1109)

Preset Value: 0.0 
Preset Value: 0.0 
Range: 0.0 to 100.0%

End S-Curve Acceleration as a percentage of accel time (% 1 and 2).

START S-DEC 1 (1105) 
START S-DEC 2 (1111)

Preset Value: 0.0
Preset Value: 0.0
Range: 0.0 to 100.0%

Start S-Curve Deceleration as a percentage of decel time (% 1 and 2). 

END S-DEC 1 (1106) 
END S-DEC 2 (1112)

Preset Value: 0.0
Preset Value: 0.0
Range: 0.0 to 100.0% 

End S-Curve Deceleration as a percentage of decel time (% 1 and 2).
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

RAMP 
RATES 

(Continued)

PL DEC TIME (1113) Preset Value: 1.0
Range: 0.0 to 3600.0 Seconds

Time to stop the motor from maximum drive speed during a power loss.
% Maximum Speed

100
80

60

40

20

-20
-40

0

Accel Time

Start 
S-Accel 1

End 
S-Accel 1

Decel Time

Start 
S-Decel 1

End 
S-Decel 1

Speed Curve
(Accel)

Speed Curve
(Decel)

Seconds2 4 6 8 10

Commanded Speed

12

Decel Rate

Accel Rate

JOG 
SETTINGS

JOG SPEED (1201) Preset Value: 7 
Range: 0 - MAX Speed Hz  

Jog Speed is the programmed speed used during jog. Jog can be initiated 
from the keypad or terminal strip. At the Keypad, press the JOG key then 
press and hold the direction (FWD or REV). For Standard Run 3Wire mode, 
close the JOG input (J2-12) at the terminal strip then close and maintain the 
direction input (J2-9 or J2-10). Process Control mode operation is different. If 
the terminal strip Process Control Enable input (J2-13) is closed, pressing the 
Keypad JOG key (or closing J2-14) will cause the drive to move in the direction 
of the error (without pressing FWD or REV). 

JOG ACCEL TIME (1202) Preset Value: 10.0
Range: 0.0 to 3600.0 Seconds 

The accel rate or time to reach max Speed. 
Time to reach Jog Speed=(Jog Speed/Max Speed) x (Jog Accel Time). 

JOG START S-ACC (1203) Preset Value: 0.0
Range: 0.0 to 100.0%  

Start S-Curve Acceleration as a percentage of jog accel time. 

JOG END S-ACC (1204 ) Preset Value: 0.0
Range: 0.0 to 100.0%

End S-Curve Acceleration as a percentage of jog accel time. 

JOG DECEL TIME (1205) Preset Value: 10.0
Range: 0.0 to 3600.0 Seconds

The decel rate or time to decel from max Speed. 
Time to reach zero speed=(Jog Speed/Max Speed) x (Jog Decel Time).

JOG START S-DEC (1206) Preset Value: 0.0
Range: 0.0 to 100.0% 

Start S-Curve Deceleration as a percentage of jog decel time. 

JOG END S-DEC (1207) Preset Value: 0.0
Range: 0.0 to 100.0%

End S-Curve Deceleration as a percentage of jog decel time. 

JOG FORWARD (1209) Preset Value: 1
Range: 0 - 1

Off (0) Mode Disabled.

On (1) Enables Jog in the drive forward direction at Jog speed for keypad mode. 

JOG REVERSE (1210) Preset Value: 1
Range: 0 - 1 

Off (0) Mode Disabled.

On (1) Enables Jog in the drive reverse direction at Jog speed for keypad mode.
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

KEYPAD 
SETUP

STOP KEY (1301) Preset Value: 1
Range: 0 - 1

Off (0) Keypad STOP key is not active. 

On (1)

Allows keypad STOP key to initiate motor stop during remote or serial 
operation. If active, pressing STOP selects Local mode and initiates the stop 
command. Note: Pressing STOP key twice in rapid succession will immediately 
terminate PWM to motor and disable the drive.

STOP MODE (1302) Preset Value: 0
Range: 0 - 1

Regen (0) The voltage and frequency to the motor is reduced at a rate set by Decel Time. 

Coast (1) Motor is turned off and allowed to coast to a stop.

Selects if the Stop command causes the motor to COAST to a stop or REGEN 
to a stop. 

RUN FORWARD (1303) Preset Value: 1
Range: 0 - 1

Off (0) Disables FWD key in Local mode.

On (1) Makes the keypad FWD key active in Local mode. 

RUN REVERSE (1304) Preset Value: 1
Range: 0 - 1

Off (0) Disables REV key in Local mode. 

On (1) Makes the keypad REV key active in Local mode. 

SWITCH ON FLY (1305)
(LOCAL/REMOTE KEY)

Preset Value: 0
Range: 0 - 1

Off (0) Disables Switch on Fly.

On (1) Allows switching between Local and Remote while Control is on. 

LOCAL HOT START (1306) Preset Value: 0
Range: 0 - 1

Off (0) Disables the Stop input at J2-11 in the keypad operating mode.

On (1) Enables the Stop input at J2-11 in the keypad operating mode.

SPEED INCREMENT (1307) Preset Value: 1
Range: 1 to 1800 RPM or 0.01 to 60 Hz

Sets the increment of speed change for each key press. 
(1-3600 RPM or 0-60 Hz) 

INIT LOCAL SPEED (1308) Preset Value: 0
Range: 0 - 2

 Zero Speed (0) Initializes local speed to 0 RPM on Power Up.

Last Speed (1) Initializes local speed to last speed on Power Up.

Set Speed (2) Initializes local speed to “Set Speed” (P1309) on Power Up.

SET SPEED (1309) Preset Value: 1
Range: 0 - MAX Speed

At power up, initializes the local speed to this preset value if “Init Local Speed” 
= Set Speed.

PARAMS TO KEYPAD (1310) Preset Value: 0
Range: 0 - 1 

Off (0) No action.

On (1) Transfers the parameter settings stored in the control memory (flash) to keypad 
memory. 
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

KEYPAD 
SETUP

(Continued)

DOWNLOAD SELECT (1311) Preset Value: 0 
Range: 0 - 2

All (0) All parameters.

Motor (1) Motor parameters only. 

Other (2) All parameters except Motor parameters.

Selects parameters to download (All, Motor or Other) with “Keypad to Params” 
(P1312). See Appendix B for notation of which parameters are motor related.

KEYPAD TO PARAMS (1312) Preset Value: 0
Range: 0 - 1

No (0) No action.

Yes (1) Transfers the parameter settings stored in keypad memory to the control 
memory (flash). 

KEYPAD CONTRAST (1313) Preset Value: 50
Range: 0 - 100%

Sets LCD contrast: 0=dimmest, 100=brightest. 

BACKLIGHT (1314) Preset Value: 1
Range: 0 - 1

Off (0) Sets the Keypad Display backlight OFF.

On (1) Sets the Keypad Display backlight ON.

LOC TORQUE MODE (1315) 
Open Vector Only.

Preset Value: 0 
Range: 0 - 1

Off (0) Disables local torque mode. 

On (1) Enables local torque mode operation.

LOC TORQUE REF (1316)
Open Vector Only.

Preset Value: 0.00 
Range: -100 to 100% 

Local torque mode reference value.

INPUT 
SETUP

OPERATING MODE (1401) Preset Value: 0 
Range: 0 - 16

 Keypad (0) Drive operates from keypad only.

Standard Run 2Wire (1) Drive operates from digital inputs and command source. Preset Speed 1 may 
also be selected.

Standard Run 3Wire (2) Drive operates from digital inputs and command source. Preset Speed 1 may 
also be selected.

15 Preset Speeds (3) Operation in 15 Preset Speeds 2 Wire Mode is controlled by digital inputs at 
J2.  Speeds set in parameters P1001 to P1015.

Fan & Pump 2Wire (4) Operation  in Fan & Pump 2 Wire controlled by digital inputs at J2.

Fan & Pump 3Wire (5) Operation  in Fan & Pump 3 Wire controlled by digital inputs at J2.

 Process Control (6) The Process Control provides an auxiliary closed loop general purpose PID set 
point control.

3Spd Ana 2Wire (7) Provides 2 Wire control and allows selection of 3 Preset Speeds.

3Spd Ana 3Wire (8) Provides 3 Wire control and allows selection of 3 Preset Speeds.

E-Pot 2Wire (9)
Electronic Potentiometer provides digital inputs for Speed Increase and Speed 
Decrease. Also provides 2 digital inputs for selection of E-Pot or "Command 
Source" (1402), Preset Speed 1, and Preset Speed 2.

E-Pot 3Wire (10)
Electronic Potentiometer provides digital inputs for Speed Increase and Speed 
Decrease.  Also provides a digital input for selection of E-Pot or “Command 
Source” (1402).

 Network (11) Provides Bipolar speed or torque control.
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

INPUT 
SETUP

(Continued)

OPERATING MODE (1401) 
(Continued)

Profile Run (12) Provides a seven segment speed profile for cyclic operation or test cycle.  See 
Level 3, Profile Run Block.

Bipolar (14) Provides bipolar speed or torque control. Torque control only available in 
vector mode.

Pulse Follower (15) Provides electronic gearing of two or more controls from upstream reference. 
(Requires Expansion Board EXBHH007).

PLC (16) Provides for control from custom designed internal logic.

External connections to the control are made at the control terminal strip 
(wiring diagrams are shown in Chapter 5 “Operating Modes”). 

COMMAND SOURCE (1402) Preset Value: 1
Range: 0 - 10 

None (0) Command Source is not used. 

Analog In1 (1) Connect a 10Kohm pot at J1 or connect a 0-10VDC signal to J1-2 and J1-1. 

Analog In2 (2)
Connect a 0-5V, 0-10V, ±5V, ±10V, 0-20mA or 4-20mA source to J1-4 and 
5. 4-20mA should be considered when a long distance (greater than 50 ft) 
between the external device and J1-4 and 5 of the control is necessary. 

Keypad (3) Command is from Keypad. 

Network (4) Signal source is from a device on the network.

Composite Ref (5) The result of the Level 3 Composite Reference set by the user. 

Opt1 Ana In1 (6) Scaled value of option board 1 analog input 1 signal value. 

Opt1 Ana ln2 (7) Scaled value of option board 1 analog input 2 signal value.

Opt2 Ana ln1 (8) Scaled value of option board 2 analog input 1 signal value. 

Opt2 Ana ln2 (9) Scaled value of option board 2 analog input 2 signal value.

EXB Pulse Foll (10) Signal source is from the EXB Pulse Follower expansion board. 

ANA IN1 TYPE (1403) Preset Value: 1 
Range: 0 - 1

None (0) Input not used.

 Potentiometer (1) 0 - 10V signal used.

ANA IN2 TYPE (1408) Preset Value: 1
Range: 0 - 6

None (0) Input not used.

-10V to +10V (1) Bipolar 10V signal used.

-5V to +5V (2) Bipolar 5V signal used.

4 to 20 mA (3) 4-20mA current signal used.

0 to 20 mA (4) 0-20mA current signal used.

0 to 10V (5) Unipolar 10V signal used.

0 - 5V (6) Unipolar 5V signal used.

Defines signal being used.
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

INPUT 
SETUP

(Continued)

ANA IN1 INVERT (1404)
ANA IN2 INVERT (1409)

Preset Value: 0
Preset Value: 0
Range: 0 - 1

Off (0)
Will cause a low input voltage (e.g. 0VDC) to be a low motor speed command 
and a maximum input voltage (e.g. 10VDC) to be a maximum motor speed 
command. 

On (1)
Will cause a low input voltage (e.g. 0VDC) to be a maximum motor speed 
command and a maximum input voltage (e.g. 10VDC) to be a low motor speed 
command.

ANA IN1 GAIN (1405)
ANA IN2 GAIN (1410)

Preset Value: 100.0%
Preset Value: 100.0%
Range: 0.0% to 300.0%

Allows 0 to 300% gain to be applied ((as in Y=Gain*(X-Offset)). 

ANA IN1 OFFSET (1406)
ANA IN2 OFFSET (1411)

Preset Value: 0.0
Preset Value: 0.0
Range: -100.0% to 100.0%

Provides an offset to the Analog Input to minimize signal error. For example, if 
the minimum speed signal is 1VDC (instead of 0VDC) the Ana In1 Offset can 
be set to -10% so the minimum voltage input is seen by the control as 0VDC. 
This parameter is automatically adjusted during the auto tune Analog Offset 
Trim test.

ANA IN1 FILTER (1407)
ANA IN2 FILTER (1413)

Preset Value: 0
Preset Value: 0
Range: 0 - 6 

No Filter (0) No Filtering.

Max Filter (6) Max Filtering.

Amount of low pass signal filtering to use.

ANA IN2 D.BAND (1412) Preset Value: 0.0 
Range: 0.0% to 75.0%

Allows a defined range of voltage to be a deadband. A command signal within 
this range will not affect the control output. The deadband value is the voltage 
above and below the zero command signal level. 

EXT. CUR LIMIT (1414)
Only available in Open Vector 
mode. Ignore this parameter 
for V/F mode.

Preset Value: 0 
Range: 0 - 1 

Off (0) Ramp output to speed loop is held at its present value as long as regen current 
limit is active.

On (1)

Ramp output to speed loop is always ramped to the value of its input and 
the Iq current demand from the speed loop to the current loop is limited by 
the source defined in “Current Limit Source (P1415)” as a percentage of the 
current level defined in “Peak Current Level (P2006)”. 

CURR LMT SOURCE (1415)
Only available in Open Vector 
mode. Ignore this parameter 
for V/F mode.

Preset Value: 0
Range: 0 - 9

None (0) Turns off external current limit.

Analog In1 (1) Connect a 10Kohm pot at J1 or connect a 0-10VDC signal to J1-2 and J1-1. 

Analog In2 (2)
Connect a 0-5V, 0-10V, ±5V, ±10V, 0-20mA or 4-20mA source to J1-4 and 5.  
4-20mA should be considered when a long distance (up to 50 ft) between the 
external device and J1-4 and 5 of the control is necessary.  

Keypad (3) Turns off Current Limit Source from Keypad. 

Composite Ref (4) See Chapter 11 for more information.
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

INPUT 
SETUP

(Continued)

CURR LMT SOURCE (1415)
Only available in Open Vector 
mode. Ignore this parameter 
for V/F mode.
(Continued)

Opt1 Ana In1 (5) Selects analog input from high resolution analog input/output Expansion Board 
(EXBHH005) mounted in expansion slot 1.

Opt1 Ana In2 (6) Selects analog input from high resolution analog input/output Expansion Board 
(EXBHH005) mounted in expansion slot 1. 

Opt2 Ana In1 (7) Selects analog input/output Expansion Board (EXBHH005) mounted in 
expansion slot 2.

Opt2 Ana In2 (8) Selects analog input/output Expansion Board (EXBHH005) mounted in 
expansion slot 2.

Network (9) Selects the network current limit word as the current limit source.

Selects the external current limit reference to be used, converts it internally to 
a percentage and then sets the torque limit of the drive as a percentage of the 
drive’s Peak Current Level (P2006).    

SLEEP MODE (1416) Preset Value: 0
Range: 0 - 1

Off (0) No action.

On (1) Disables control when Command Source is less than CMD Sleep Band 
(P1417). Active in all speed modes.

CMD SLEEP BAND (1417) Preset Value: 0.00
Range: 0.00 to 100.00% 

Disables the control when Command Source is less than CMD Sleep Band 
(P1417). Active in all speed modes and is also applied to the torque reference 
when in torque mode. 

TORQUE FF SRC (1418)
Only available or active in 
Open Vector mode. Ignore 
this parameter for V/F mode.

Preset Value: 0
Range: 0 - 8 

None (0) Turns off external torque feedforward reference.

Analog In1 (1) Connect a 10Kohm pot at J1 or connect a 0-10VDC signal to J1-2 and J1-1. 

Analog In2 (2)
Connect a 0-5V, 0-10V, ±5V, ±10V, 0-20mA or 4-20mA source to J1-4 and 5. 
4-20mA should be considered when a long distance (greater than 50 ft) 
between the  external device and J1-4 and 5 of the control is necessary. 

Keypad (3) Turns off external torque feedforward reference. (Keypad uses Local Keypad 
Torque Reference as feedforward.) 

Composite Ref (4) See Chapter 11 for more information.

Opt1 Ana In1 (5) Selects analog input from high resolution analog input/output expansion 
Board(EXBHH005) mounted in expansion slot 1.

Opt1 Ana In2 (6) Selects analog input from high resolution analog input/output expansion 
Board(EXBHH005) mounted in expansion slot 1.

Opt2 Ana In1 (7) Selects analog input/output Expansion Board (EXBHH005) mounted in 
expansion slot 2.

Opt2 Ana In2 (8) Selects analog input/output Expansion Board (EXBHH005) mounted in 
expansion slot 2.

Selects the external torque feedforward reference to be used which is added 
to the torque demand from the speed loop. The result then becomes the 
torque reference for the current loop. 

1451 - 1474 Parameters 1451-1474 are used to configure the High Resolution Analog I/O 
Expansion Board. See manual MN754 for configuration details.
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

OUTPUT 
SETUP

DIGITAL OUTPUT 1 (1501) 
DIGITAL OUTPUT 2 (1502)
RELAY OUTPUT 1 (1503)
RELAY OUTPUT 2 (1504)

Preset Value: 1
Preset Value: 8
Preset Value: 9
Preset Value: 17
Range: 0 - 31

Drive Run (0) Active when drive is “On” and a FWD/REV direction command is present.

Drive Ready (1) Active after soft start, when drive is enabled and no faults are present. 

Drive On (2) (V/F) Active when drive is “Ready” and producing PWM to motor. 
(Vector) Active when drive is “Ready” and motor flux is present.

Drive Stopped (3) Active when stop command is present and motor is stopped (or coasting to 
stop).

Jog (4) Active during Jog mode. 

Accelerate (5) Active when control is accelerating. 

Constant Speed (6) Active when control speed is constant. 

Decelerate (7) Active when control is decelerating.

At Zero Speed (8) Active when motor speed is less than the Level 1 Output Setup “Zero SPD Set 
Pt (P1505)”.

At Speed (9) Active when motor speed is within band set by the Level 1 Output Setup “At 
Speed Band (P1506)”.

At Set Speed (10) Active when output speed is at or greater than the Level 1 Output Setup “Set 
Speed Point (P1507)”.

Curr Overload (11) Active when motor current is greater than “Overload Set Point (P1508)”.

Curr Underload (12) Active when motor current is less than “Underload Set Point (P1509)”.

I2T Overload (13) Active when overload left is less than 100%. 

Keypad Control (14) Active when control is in Local keypad control. 

Dynamic Brake (15) Active when Dynamic Brake transistor is turned ON. 

Foldback (16) Active when current foldback is active (V/Hz Mode only).

Fault (17) Active when a fault condition is present (will cause trip). 

Alarm (18) Active when an Alarm condition is present (but doesn’t cause trip). 

Command Forward (19) Active during forward run command. 

Command Reverse (20) Active during reverse run command. 

Motor Forward (21) Active when motor is moving in Drive forward direction. 

Motor Reverse (22) Active when motor is moving in Drive reverse direction. 

Process Error (23) Active when absolute process error is greater than P2606 (Process Error 
Tolerance). 

Network (24) Active when commanded by network. Network device controls this output.

At Position (25) Active when load is at position (|Position error|≤P1517) AND 
(|Motor Speed|≤P1505).

In Motion (26) Active when load is moving (|Position error|>P1517) OR 
(|Motor Speed|>P1505).

PLC (27) Output is controlled by PLC mode. 

RTC (28) Output is controlled by RTC module.

Powered Up (29) Active when Bus is “UP” and no faults are present.

Par Tbl Switch (30) If drive is disabled, output turns on when table switch is commanded and will 
turn off when completed.

Heater (31) Output turns on when trickle current heating is active.

See also 1505, 1506, 1507, 1508, 1509, 1517, Chapter 10, Chapter 11, 
Chapter 12.
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

OUTPUT 
SETUP

(Continued)

ZERO SPD SET PT (1505) Preset Value: 6.00
Range: 0 - MAX Speed 

A digital output programmed to “At Zero Speed” becomes active when 
motor speed becomes less than this setting for vector modes or when speed 
demand is less than this setting when in V/F mode. This is useful when a motor 
brake is to interlock operation with a motor. 

AT SPD BAND (1506) Preset Value: 2.00
Range: 0 - MAX Speed  

A digital output programmed to “At Speed” becomes active when the speed 
error for vector modes or when the reference minus the demand for V/F mode 
is less than the value set in this parameter.

SET SPEED POINT (1507) Preset Value: 60.00
Range: 0 - MAX Speed 

A digital output programmed to “At Set Speed” becomes active when the 
motor speed is greater than the value programmed in this parameter for vector 
modes or when the speed demand is greater than the value programmed in 
this parameter for V/F mode.This is useful when another machine must not 
start or stop until the motor exceeds a predetermined speed.

OVERLOAD SET PT (1508) Preset Value: 150.0
Range: 0.0 - 200.0%

Sets the motor current value as a percent of drive rated current at which the 
Overload digital output is active.

UNDERLOAD SET PT (1509) Preset Value: 50.0
Range: 0.0 - 200.0%

Sets the motor current value as a percent of drive rated current at which the 
Underload digital output is active. 

ANA OUT1 TYPE (1510) Preset Value: 0 
Range: 0 - 3

0 to +10V (0) Sets the Analog Output Signal to 0 - 10V.

0 to 5V (1) Sets the Analog Output Signal to 0 - 5V.

4mA to 20mA (2) Sets the Analog Output Signal to 4 - 20mA.

0mA to 20mA (3) Sets the Analog Output Signal to 0 - 20mA.

ANA OUT2 TYPE (1513) Preset Value: 1 
Range: 0 -1

+5/-5V (0) Sets the Output Signal ±5V.

+10/-10V (1) Sets the Output Signal ±10V.

ANA OUT1 SIGNAL (1511)
ANA OUT2 SIGNAL (1514)

Preset Value: 29 
Preset Value: 3 
Range: 0 - 34

Speed Ref (0) Scaled value of speed reference (input to velocity profiler) (ACC/DEC ramp).

Speed Demand (1) Scaled value of speed reference (output of velocity profiler) (ACC/DEC ramp).

ACC/DEC (2) Scaled value of ACC/DEC rate. Range is from 0 to max ACC/DEC rate.

Motor Current (3) Scaled value of Motor Current. Range is based on 2 times drive FLA. (Includes 
both MAG and Load currents).

Mag Current (4) Scaled value of magnetizing current, range is based on 2 times drive FLA. 

Mag Curr Cmd (5) The commanded D-axis PI vector magnetizing current to the current controller, 
range is based on 2 times drive FLA.

Load Current (6) Scaled value of the load amps, range is based on 2 times drive FLA.

Load Curr Cmd (7) The commanded Q-axis PI vector load current to the current controller, range 
is based on 2 times drive FLA. 
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

OUTPUT 
SETUP

(Continued)

ANA OUT1 SIGNAL (1511)
ANA OUT2 SIGNAL (1514) 
(Continued)

Power Factor (8) Scaled value of power factor, range is from 0 to 1.0.

Ph1 Current (9) Scaled value of the phase 1 motor current, range is based on 2 times drive 
FLA.

Ph2 Current (10) Scaled value of the phase 2 motor current, range is based on 2 times drive 
FLA.

Ph3 Current (11) Scaled value of the phase 3 motor current, range is based on 2 times drive 
FLA.

Motor Voltage (12) Scaled value of the motor voltage, range is based on drive rated output 
voltage.

VD Demand (13) Flux controller output. Used to diagnose control problems.

VQ Demand (14) Load controller output. Used to diagnose control problems.

Bus Voltage (15) Scaled value of the Bus voltage. (Range is based on 123% of drive rated 
output voltage).

Est. Abs Torque (16) Scaled value of the absolute torque, range is based on peak torque (2 x rated 
torque).

Est. Torque (17) Scaled value of the motor torque (signed), range is based on rated torque             
(2 x rated torque).

Control Temp (18) Scaled value of the control heatsink temperature, range is -50 to 150ºC.

Analog In1 (19) Scaled value of the analog input 1 signal value.

Analog In2 (20) Scaled value of the analog input 2 signal value, range depends on input type 
P1408.

Opt1 Ana In1 (21) Scaled value of option board 1 analog input 1 signal value, range depends on 
input type selected.

Opt1 Ana In2 (22) Scaled value of option board 1 analog input 2 signal value, range depends on 
input type selected.

Opt2 Ana In1 (23) Scaled value of option board 2 analog input 1 signal value, range depends on 
input type selected.

Opt2 Ana In2 (24) Scaled value of option board 2 analog input 2 signal value, range depends on 
input type selected.

Proc Feedforward (25) Scaled value of the process feedforward signal, range is -100% to 100% of 
Process Feedforward signal.

Proc Feedback (26) Scaled value of the process feedback signal, range is -100% to 100% of 
Process Feedback signal.

Proc Setpoint (27) Scaled value of the process setpoint source, range is -100% to 100% of 
Process Setpoint signal.

Electric Angle (28) Scaled value of the electrical angle of shaft, range is from 0-359 degrees.

Abs Speed (29) Scaled value (absolute) of actual motor speed, range is 0-Max Motor Speed 
P2003.

Velocity (30) Scaled value (signed) of actual motor speed, range is - Max Motor Speed to 
+Max Motor Speed P2003. 

Network (31) Represents the network speed reference, see MN744. Analog 1 holding 
register is 40014:40013, Analog 2 holding register is 40016:40015. 

Composite Ref (32) Scaled value of the Composite Reference output, range is -100% to 100% of 
composite reference calculation.

Power (kW) (33) Scaling power calculated using nominal output amps and RMS output volts. 

Calibrate (34) Produces maximum value of selected analog output type.
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

OUTPUT 
SETUP

(Continued)

ANA OUT1 GAIN (1512)
ANA OUT2 GAIN (1515)

Preset Value: 100.0
Preset Value: 100.0
Range: 0.0 – 500.0%

Scale factor for analog output (as in Y=Gain*X).

CAL ANA OUT (1516) Preset Value: 0.0
Range: -100.0% to 100.0% 

Scalable output signal used to calibrate output device (-100% to 100% of 
Analog Out 1 Type). 

The drive at position target if (|Position-Feedback|) < Band.

1551 - 1562 Parameters 1551 - 1562 are used to configure the High Resolution Analog I/O 
Expansion Board. See manual MN754 for configuration details.

MOTOR 
CONTROL

CONTROL TYPE (1601) Preset Value: 0
Range: 0 - 1 

V/F Control (0) Sets the control type to V/F Control.

Open Vector (1) Sets the control type to Open Vector.

CNTL BASE SPEED (1602) Preset Value: Motor Rated Speed (P2403)
Range: 0 - MAX Speed

The speed at which Field Weakening begins.

CNTL BASE VOLT (1611)
Only available or active in V/F 
mode. Ignore this parameter 
for Open Vector mode.

Preset Value: CALC 
Range: 0 - Drive Rated Voltage

The voltage output to the motor at Control Base Speed (P1602). Typically set 
to motor rated voltage.

STATIC BOOST (1612)
Only available or active in V/F 
mode. Ignore this parameter 
for Open Vector mode.

Preset Value: 0.0 
Range: 0.0 - 15.0%

Additional voltage applied to motor at start-up. 

DYN BOOST CUTIN (1613)
Only available or active in V/F 
mode. Ignore this parameter 
for Open Vector mode.

Preset Value: 30.00 
Range: 6.00 - 60.00 Hz

 

Speed at which dynamic boost takes full effect. 

DYNAMIC BOOST (1614)
Only available or active in V/F 
mode. Ignore this parameter 
for Open Vector mode.

Preset Value: 0.0   
Range: 0.0 - 10.0%

The Dynamic Boost parameter can be adjusted to provide more or less running 
torque from the motor than is available with the factory setting. The boost 
adjustment alters the output voltage to the motor from the normal voltage 
value by increasing or decreasing the voltage per frequency unit as defined by 
the V/F profile. 

V/F EFFICIENCY (1615)
Only available or active in V/F 
mode. Ignore this parameter 
for Open Vector mode.

Preset Value: 0
Range: 0 - 1 

Off (0) Smoothing disabled.

On (1) Smooting enabled.

Smooths transitions between static boost and V/F curve.
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

MOTOR 
CONTROL
(Continued)

V/F PROFILE (1616)
Only available or active in V/F 
mode. Ignore this parameter 
for Open Vector mode. 

Preset Value: 0 
Range: 0.0 - 100.0%

0 = Linear 
100 = Quadratic

Set the Volts/Frequency ratio of the control output (to the motor) for all values 
of output voltage versus output frequency up to the control base frequency. 
Because motor voltage is related to motor current, motor voltage can then 
be related to motor torque. A change in the V/F profile can adjust how much 
torque is available from the motor at various speeds.  

Control Base Volt
(P1611)

Static
Boost

O
ut

p
ut

V
ol

ts

Output Frequency
Base
Freq.

V/F Profile Curve

100%

0% 50%

CUSTOM V/F CURVE (1617)
Only available or active in V/F 
mode. Ignore this parameter 
for Open Vector mode.

Preset Value: 0 
Range: 0 - 2

Off (0) Curve set in parameter “V/F Profile” (P1616).

3 Point (1) Allows two linear V/F segments by setting the V/F 3 Point Volts and V/F 3 Point 
Frequency parameters.

7 Point (2) Allows six linear V/F segments by setting the 7-Point voltage and frequency 
values.

Allows custom V/F Curve profile settings to taylor the V/F Curve to specific 
applications for optimum performance.  Only available or active when “Control 
Type” (P1601) is set to PM V/F Control. Takes precedence over “V/F Profile” 
(P1616).

3 PT
Volts

3 Point Method Curve
Control Base Volt
(P1611)

Static
Boost

O
ut

p
ut

V
ol

ts

Base
Freq.Output Frequency

3 PT Freq.

3 POINT VOLTAGE (1618)
Only available or active in V/F 
mode. Ignore this parameter 
for Open Vector mode.

Preset Value: 50.0 
Range: 0.0 - 100.0%

The output voltage associated with the 3 Point Frequency parameter. 
Calculated as a percentage of drive rated output voltage.

3 POINT FREQ (1619)
Only available or active in V/F 
mode. Ignore this parameter 
for Open Vector mode. 

Preset Value: 30.00
Range: 0.00 - MAX Speed

The output frequency associated with the 3 Point Volts parameter. 
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

MOTOR 
CONTROL
(Continued)

SLIP COMP ENABLE (1620)
Only available or active in V/F 
mode. Ignore this parameter 
for Open Vector mode.

Preset Value: 0
Range: 0 - 1 

Off (0) Slip compensating disabled.

On (1) Slip compensating enabled.

Compensates for change in slip due to varying load conditions during normal 
operation to maintain constant rotor speed. 

7 POINT FREQ 1 (1621)
7 POINT FREQ 2 (1623)
7 POINT FREQ 3 (1625)
7 POINT FREQ 4 (1627)
7 POINT FREQ 5 (1629)
Only available or active in V/F 
mode. Ignore this parameter 
for Open Vector mode.

Preset Value: 10
Preset Value: 20
Preset Value: 30
Preset Value: 40
Preset Value: 50
Range: 0 - MAX Speed

Coupled with the 7 Point Voltage parameters to set the frequency portion of 
the breakpoints in the 7-point V/F curve.

7 POINT VOLT 1 (1622)
7 POINT VOLT 2 (1624)
7 POINT VOLT 3 (1626)
7 POINT VOLT 4 (1628)
7 POINT VOLT 5 (1630)
Only available or active in V/F 
mode. Ignore this parameter 
for Open Vector mode.

Preset Value: 16.7
Preset Value: 33.3
Preset Value: 50.0
Preset Value: 66.7 
Preset Value: 83.3
Range 0.0 - 100.0%

Coupled with the 7 Point Frequency parameters to set the voltage portion of 
the breakpoints in the 7-point V/F curve.

CURR PROP GAIN (1633)
Only available or active in 
Open Vector mode. Ignore 
this parameter for V/F mode.

Preset Value: CALC 
Range: 0.00 - 150.00

Sets the current loop proportional gain. 

CURR INT GAIN (1634)
Only available or active in 
Open Vector mode. Ignore 
this parameter for V/F mode. 

Preset Value: 150.00  
Range: 0.0 - 3000.00 Hz

Sets the current loop integral gain. 

SPEED PROP GAIN (1635)
Only available or active in 
Open Vector mode. Ignore 
this parameter for V/F mode.

Preset Value: 5.00
Range: 0.00 - 1000.00
 

Sets the speed (velocity) loop proportional gain. Excessive speed prop gain will 
cause ringing around the set point. Decreasing the speed prop gain will result 
in slower response and decrease the ringing, but will increase the overshoot.

SPEED INT GAIN (1636)
Only available or active in 
Open Vector mode. Ignore 
this parameter for V/F mode. 

Preset Value: 10.00
Range: 0.00 - 1000.00 Hz

Sets the speed (velocity) loop integral gain.

SPEED DIFF GAIN (1637)
Only available or active in 
Open Vector mode. Ignore 
this parameter for V/F mode.

Preset Value: 0.00 
Range: 0.00 - 1.00
 
 

Sets the speed (velocity) loop differential gain.
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

MOTOR 
CONTROL
(Continued)

A.S. PROP GAIN (1639)
Only available or active in 
Open Vector mode. Ignore 
this parameter for V/F mode.

Preset Value: 10.0 
Range: 0.0 - 255.0

 

Sets the anti-saturation proportional gain. 

A.S. INT GAIN (1640)
Only available or active in 
Open Vector mode. Ignore 
this parameter for V/F mode.

Preset Value: 50.00 
Range: 0.00 - 200.00 Hz

 

Sets the anti-saturation integral gain. 

MOTOR Xm (1641)
Only available or active in 
Open Vector mode. Ignore 
this parameter for V/F mode.

Preset Value: CALC
Range: 0.00 - 1000.00

Sets the Motor magnetizing reactance value at 60 Hz. 

MOTOR R1 (1642) Preset Value: 0  
Range: 0.00 - 1000.00

Stator resistance in ohms. If set too high, the motor will tend to stall at zero 
speed when reversing or accelerating from low speed. Reducing this value 
may eliminate the problem. When too low, speed regulation may suffer. If 
V/F mode, used for IR drop compensation. Must set to zero for multi-motor 
applications. 

MOTOR X1 (1643)
Only available or active in 
Open Vector mode. Ignore 
this parameter for V/F mode.

Preset Value: CALC 
Range: 0.000 - 1000.000

 

Stator leakage reactance, in ohms at 60Hz. This parameter has most impact 
when reversing motor rotation at full current limit. If set too low, the decel time 
will tend to increase. 

ROTOR TIME CONST (1644) Preset Value: CALC
Range: 0.000 - 60.000 seconds 

Sets the rotor time constant value.

MOTOR R2 (1645)
Only available or active in 
Open Vector mode. Ignore 
this parameter for V/F mode.

Preset Value: CALC  
Range: 0 - 1000

Sets the Motor rotor resistance value. 

MOTOR X2 (1646)
Only available or active in 
Open Vector mode. Ignore 
this parameter for V/F mode.

Preset Value: CALC 
Range: 0 - 1000

Sets the Motor rotor leakage reactance value. 

TRICKLE HEAT AMPS (1678) Preset Value: 0.0
Range 0.0 - 50.0% of Motor Rated Amps

Used to provide heating amps in the motor windings while the motor is 
stopped to help eliminate condensation within the motor. A value of 0.0 amps 
in this parameter disables the function. A non-zero value will cause the amount 
of amps programmed in this parameter to flow through the motor windings 
after the motor is stopped and a 300 second delay. Both the REV and FWD 
LEDs on the keypad will flash while the timer is counting and then both LEDs 
are on solid when trickle current is flowing.
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

COMMUNI-
CATION

BAUD RATE (1701) Preset Value: 1  
Range: 0 - 4  

9600 (0) Baud Rate = 9600

19200 (1) Baud Rate = 19200

38400 (2) Baud Rate = 38400

56000 (3) Baud Rate = 56000

115200 (4) Baud Rate = 115200

Sets the Modbus-RTU communication baud rate. 

PARITY (1702) Preset Value: 0
Range: 0 - 2 

None (0) No parity used.

Odd (1) Odd parity used.

Even (2) Even parity used.

Sets Modbus-RTU communication parity.

STOP BITS (1703) Preset Value: 0  
Range: 0 - 1  

One (0) One stop bit used.

Two (1) Two stop bits used.

Sets the number of stop bits to use for Modbus-RTU.

DRIVE ADDRESS (1704) Preset Value: 1 
Range: 1 - 247

Sets the drive address for communication via USB or Modbus-RTU. 

OPT CARD RESET (1705) Preset Value: 0 
Range: 0 - 3  

Off (0) No Action.

Slot 1 (1) Reset Expansion Board in slot 1.

Slot 2 (2) Reset Expansion Board in slot 2.

Slots 1 & 2 (3) Resets both Expansion boards 1 & 2.

Sends a power up reset command to all expansion boards, slot 1 only, or slot 
2 only.

SECURITY DEFAULT (1706) Preset Value: 0 
Range: 0 - 1

No (0) No Action.

Yes (1) Reset settings.

Restores factory settings to Browser User ID and Password. 

BROWSER USER ID 
(1707) (1708)

Preset Value: baldor 

ASCII user ID for the Ethernet Web Browser Option Board if installed. 

BROWSER PASSWORD 
(1709) (1710)

Preset Value: baldor  

Password for the Ethernet Web Browser Option Board if installed.

1720 - 1796 See documentation provided with communications expansion board.
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7.2  Level 2 Parameters (Advanced Prog, Level 2 Blocks)

Table 7-2  Level 2 Parameter Block Definitions

Block Title
Parameter (Number)

Selection (Value)
Parameter Name and Description

DRIVE 
LIMITS

OPERATING ZONE (2001) Preset Value: 0  
Range: 0 - 3 

Std Const Trq (0) Sets the PWM operating zone to Standard 2.5kHz output carrier frequency 
Constant Torque. Constant Torque allows 175% for 3 seconds and 150% for 60 
seconds of peak overload capacity.

Std Var Trq (1) Sets the PWM operating zone to Standard 2.5kHz output carrier frequency 
Variable Torque. Variable Torque allows 125% for 1 second and 115% for 60 
seconds of peak overload capacity.

Quiet Const Trq (2) Sets the PWM operating zone to Quiet 8.0kHz output carrier frequency 
Constant Torque. Constant Torque allows 175% for 3 seconds and 150% for 60 
seconds of peak overload capacity.

Quiet Var Trq (3) Sets the PWM operating zone to Quiet 8.0kHz output carrier frequency Variable 
Torque. Variable Torque allows 125% for 1 second and 115% for 60 seconds of 
peak overload capacity.

MIN OUTPUT SPEED (2002) Preset Value: 0 
Range: 0 - MAX Speed Hz

Sets the minimum motor speed in Hz. During operation, the motor speed 
will not decrease below this value except for motor starts or during dynamic 
braking to a stop. 

MAX OUTPUT SPEED (2003) Preset Value: Rated Motor Speed
Range: 10 - 500 Hz 

Sets the maximum motor speed in Hz.

PWM FREQUENCY (2004) Preset Value: 2500 
Range: 1500 - 16000Hz

The frequency that the output transistors are switched. PWM (pulse width 
modulation) frequency is also referred to as “Carrier” frequency. PWM should 
be as low as possible to minimize stress on the output transistors and motor 
windings. It is recommended that the PWM frequency be set to approximately 
15 times the maximum output frequency of the control. Ratios less than 15 will 
result in non-Sinusoidal current waveforms.

CURR RATE LIMIT (2005)
Only available or active in 
Open Vector mode. Ignore this 
parameter for V/F mode. 

Preset Value: 0.004 
Range: 0.000 - 10.000 seconds
 

Limits the rate of torque change in response to a torque command. This 
parameter sets the time in seconds to change the output torque by 1 times 
motor rated torque.

PEAK CURR LEVEL (2006) Preset Value: CALC 
Range: 0 - Peak Rated Current

(Vector) Sets maximum motor current level for operation. 
(V/F) Sets the motor current (including MAG current) where foldback begins.

REGEN TORQ LIMIT (2007) Preset Value: CALC
Range: 0.0 - Drive Rated Peak Current in amps

Sets the maximum motor current (not including MAG current allowed during 
regen. Based upon brake resistor ohms programmed in P2501.

REGEN ADJUST (2008)
Only available or active in V/F 
mode. Ignore this parameter for 
Open Vector mode.

Preset Value: 0
Range 0 - 500 Hz/Sec

Used to increase the drive output frequency to the motor when regen current 
is greater than 1/10th of current limit to avoid overvoltages when applying the 
drive with cyclic regenerative loads such as pump jacks.
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Block Title
Parameter (Number)

Selection (Value)
Parameter Name and Description

DRIVE
CONFIG

SPEED UNITS (2101) Preset Value: 0 
Range: 0 - 1

Hz (0) Sets units to Frequency, Hz.

RPM (1) Sets units to RPM.

LANGUAGE SELECT (2102) Preset Value: 0
Range: 0 - 1  

English (0) Sets English as displayed text.

Other (1)

Sets "OTHER", (Spanish, German, Italian, French, or Portuguese) English and 
one language can be stored (Spanish, German, Italian, French and Portuguese). 
Standard firmware allows English and Spanish. For other languages, language 
tables must be loaded into the drive’s language flash area.  

FACTORY SETTINGS (2103) Preset Value: 0 
Range: 0 - 1 

No (0) No Action.

Yes (1) Restores factory settings for all parameters. (Overwrites all stored values for all 
four parameter tables).

SECURITY (2105) Preset Value: 0 
Range: 0 - 3

Off (0) Security not enabled.

Local (1) Security enabled for keypad only.

Network (2) Security enabled for Network only.

Total (3) Security enabled for both Keypad and Network.

Enables Security.

ACCESS TIMEOUT (2106) Preset Value: 5.0
Range: 1.0 - 600.0 seconds

If security is enabled and program mode is entered, the access code must be 
correctly entered. After parameters are changed and program mode exited this 
timer begins to timeout. If program mode is accessed after timeout, the security 
code must be entered a second time.

ACCESS CODE (2107) Preset Value: 9999
Range: 0 - 9999 

Sets security code for login required to access locked parameters.

ACTIVE PARAM TBL (0052) Preset Value: 0
Range: 0 - 3 

T1 (0) Table 1 is used as active parameter set.

T2 (1) Table 2 is used as active parameter set.

T3 (2) Table 3 is used as active parameter set.

T4 (3) Table 4 is used as active parameter set.

Note: This parameter is not actually in the Level 2 Blocks. It is Parameter 0052 
in the MONITOR block if using Workbench. 

CLEAR FAULT LOG (2108) Preset Value: 0
Range: 0 - 1 

No (0) No Action.

Yes (1) Deletes all fault log entries and trace values.

DEAD TIME COMP (2109)
Only available or active in V/F 
mode. Ignore this parameter for 
Open Vector mode.

Preset Value: 100.0   
Range: 0 to 100.0%
 
 

Compensates for voltage loss due to switching dead time at the PWM output.

Table 7-2  Level 2 Parameter Block Definitions Continued



7-18  Parameter Descriptions MN764

Block Title
Parameter (Number)

Selection (Value)
Parameter Name and Description

DRIVE
CONFIG

(Continued)

POWER INPUT (2110) Preset Value: 2
Range: 0 - 3

Single Phase (0)

The output values are derated for single phase operation. 
Note: For three phase power input, if a phase is lost this parameter will  
automatically be changed to single phase and the control will automatically be 
derated for single phase operation. 

Common Bus Slave (1)
Selected when only DC input power (master) is available. Do not choose if AC 
power is connected. Common bus setting disables precharge and soft start 
features of the control. 

Three Phase (2) Standard operation.

Common Bus Master (3) Selected for special installations, three phase with common bus slave support. 

The Power base senses the control power base (single or three phase). If 
connecting a three phase control to a single phase power source, change value 
from 2 to 0 to avoid “Loss of Phase” trips. 

BUS VOLT FILTER (2111)
Only available or active in V/F. 
Ignore for Open Vector mode. 

Preset Value: 10.00 
Range: 0.10 - 1000.00 Hz

Sets the cutoff frequency for the BUS Voltage Filter (used to demodulate the 
BUS). 

EXECUTE MACRO (2112) Preset Value: 0
Range: 0 - 5  

No (0) Do not execute macro.

M1 (1) Execute Macro M1.

M2 (2) Execute Macro M2.

M3 (3) Execute Macro M3.

M4 (4) Execute Macro M4.

M5 (5) Execute Macro M5.

Executes the selected macro one time. A macro is a list of parameter numbers 
and values that when executed set the respective parameters in the list to the 
predefined values.

UNDO MACRO (2113) Preset Value: 0
Range: 0 - 1

No (0) Don’t undo macro.

Yes (1) Value in the parameter Macro Status (P116) is read and that macro is undone 
(factory settings are restored for values modified by that macro). 

TORQ ENABLE SEQ (2114) Preset Value: 0
Range: 0 - 1 

Torque On Enable (0) Regulates motor torque any time the drive is enabled.

Torque On Command (1) Regulates motor torque only after the drive has received a run forward or run 
reverse command.

This parameter determines whether the drive starts regulating motor torque 
immediately upon closure of the drive enable input (J2-8) or only after the 
drive receives a forward/reverse command input. Only effective during remote 
operation while in open vector mode. 

DRIVE 
PROTECT

EXTERNAL TRIP (2201) Preset Value: 0 
Range: 0 - 1

Off (0) External Trip is disabled.

On (1) External Trip is enabled. If a normally closed contact at J2-16 is opened, an 
External Trip fault will occur and cause the drive to shut down. 
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Block Title
Parameter (Number)

Selection (Value)
Parameter Name and Description

DRIVE 
PROTECT

(Continued)

FOLLOWING ERROR (2202)
Only available or active in Open 
Vector mode. Ignore for V/F 
mode.

Preset Value: 0 
Range: 0 - 1

 

Off (0) Control ignores “At Speed Error” from the process. 

On (1)
Control monitors the following error from the process. If the process speed is 
outside the range set in the Level 1 Output block, At Speed Band parameter, 
the drive will fault and will disable. 

TORQUE PROVING (2203) 
Only available or active in Open 
Vector mode. Ignore for V/F 
mode.

Preset Value: 0
Range: 0 - 1

Off (0) Control ignores unbalanced motor phases. 

On (1)
Control looks for balanced output current in all three phases to the motor.  
Unbalanced output current will cause a trip and create a torque proving fault. 
This occurs after establishing flux current in the motor. 

FOLDBACK GAIN (2205) 
Only available or active in V/F 
mode. Ignore for Open Vector 
mode. 

Preset Value: 0.010 
Range: 0.000 - 10.000 

 

Sets the rate of change of output frequency during current limit. 

OVERLOAD (2206) Preset Value: 0 
Range: 0 - 2

Fault (0) Drive will fault and disable PWM to motor if overload capability is exceeded. 

Foldback (1) Drive attempts to reduce current to 80% of Drive rated current so that time 
remaining can count back up.

Hold (2) Drive attempts to reduce current to 100% of drive rated current so that time 
remaining can hold at present value. 

Sets how the control handles I2T power overloads. When an overload occurs it 
will either Fault, Foldback, or Hold based on the control output AMPS. 

OVERLOAD TRIGGER (2207) 
Only available or active in V/F 
mode. Ignore for Open Vector 
mode.

Preset Value: 50.0 
Range: 0.0 - 100.0%
 
 

Sets the trigger point for an overload condition.

SINGLE PHASING (2209) Preset Value: 1
Range: 0 - 1   

Derate (0)
When an input power phase is lost, single phase operation is assumed and 
control output is derated by 50% and operation is allowed at the reduced 
output.

Fault (1) When input power phase is lost for approximately 10 cycles, control trips on 
fault. 

Single Phasing Not available for size AA controls.

OVER TEMPERATURE (2210) Preset Value: 1
Range: 0 - 1 

Derate (0)

When control temperature reaches 80°C (standard or 90°C quiet mode), 
output is derated by 30% (current limiting) and operation is allowed at the 
reduced value. Operation at full current is allowed when control temperature 
decreases to 70°C. If control temperature reaches 85°C, control trips on fault. 

Fault (1) When control temperature reaches 85°C, control trips on fault. 
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Block Title
Parameter (Number)

Selection (Value)
Parameter Name and Description

DRIVE 
PROTECT 

(Continued)

PWR DOWN OPTIONS (2211) Preset Value: 0
Range: 0 -1

Fault (0) If Control is enabled it will trip on a fault, (disable) while powering down.

Ride Through (1) Control wil decelerate attempting to maintain DC Bus voltage and continue 
operation.

Determines how the drive responds to a line loss. 

CNTL STP BUS LVL (2212) Preset Value: CALC
Range: 200 to 800V

Active during a power loss ride-through. Sets the DC bus level at which a 
controlled stop may be triggered. 

CNTL STOP DELAY (2213) Preset Value: 1.0
Range: 0 to 3600.0 Seconds 

Active during a power loss controlled stop or ride-through. Sets the delay time 
required after a controlled stop before drive enable.

Kp RIDE THROUGH (2214) Preset Value: 10.0000
Range: 0 to 1000.0000

Proportional gain of PI controller for power loss ride through. 

Ki RIDE THROUGH (2215) Preset Value: 0
Range: 0 to 1000.0000 

Integral gain of PI controller for power loss ride through. 

MISCELLA-
NEOUS

AUTO RESTART (2301) Preset Value: 1
Range: 0 - 3

Manual (0)

If set to Manual and a run command (enable signal & FWD or REV command) 
is present at power up, the motor will not run. The run command must be 
removed then reapplied to start operation. The run command refers to the 
enable plus direction (FWD or REV) signals. Restart after Fault - If a fault occurs 
during operation, the control must be reset and the run command must be 
removed then reapplied to start operation. Note: If Restarts/Hr (P2302)  is  zero, 
the control must be manually reset. If Restarts/Hr (P2302)  is non-zero, the 
control will automatically attempt to reset the fault but will not restart until the 
run command is removed then reapplied to start operation. 

At Powerup (1)
If a run command (enable signal & FWD or REV command) is present at power 
up, the control will automatically start. Auto restarts enabled at power up but  
disabled after a fault.

After Fault (2)
If a fault occurs during operation, the control will automatically reset (after the 
restart delay time) to resume operation if the Restarts/Hr (P2302) is set to a non 
zero value. Auto restarts disabled at power up but enabled after a fault. 

Both (3)

Auto restarts active at power up and after faults. 3 Wire modes, AUTO start 
after a fault or loss of power will not occur because the momentary contacts 
are open and the run command must again be applied. The run command 
refers to the enable plus direction (FWD or REV) lines.

RESTARTS/HOUR (2302) Preset Value: 3
Range: 0 - 10 

The maximum number of automatic restart attempts before requiring a manual 
restart. After one hour without reaching the maximum number of faults or if 
power is turned off and on again, the fault count is reset to zero.

RESTART DELAY (2203) Preset Value: 3 
Range: 0 - 3600 seconds 

Sets the time delay after a fault occurs before a fault reset and automatic 
restart are attemped. If the fault reset is successful, the restart will occur. If not 
successful, a new delay occurs. Useful to allow sufficient time to clear a fault 
condition before restart is attempted. 
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Block Title
Parameter (Number)

Selection (Value)
Parameter Name and Description

MISCELLA-
NEOUS

(Continued)

PWM TECHNIQUE (2304) Preset Value: 1
Range: 0 - 1

Space Vector (0) Utilizes Vector Orientation to determine pulse firing.

Sine Triangle (1) Utilizes Sine/Triangle Waveform Intersect technique to determine pulse widths.

Sets the method used to generate the motor voltage PWM signal.

COST OF ENERGY (2305) Preset Value: 0.10
Range: 0.00 - 99999.00$/KWH

Sets the billing cost per KWH charged by the local power utility. 

RESET ENERGY (2306) Preset Value: 0 
Range: 0 - 1

No (0) No Action.

Yes (1) Resets the energy counter (in power base of the control).

FILTER TYPE (2309) Preset Value: 0
Range: 0 - 3 

None (0) Sets the auxiliary filter to None.

Low Pass (1) Sets the auxiliary filter to Low Pass.

High Pass (2) Sets the auxiliary filter to High Pass.

Notch (3) Sets the auxiliary filter to Notch.

FILTER SOURCE (2310) Preset Value: 0
Range: 0 - 9

None (0) Sets the auxiliary filter to None.

Raw Speed (1) Sets the auxiliary filter to Raw Speed.

Torque (2) Sets the auxiliary filter to Torque Loop.

Analog In1 (3) Sets the auxiliary filter to Analog In1.

Analog In2 (4) Sets the auxiliary filter to Analog In2.

Composite Ref (5) Sets the auxiliary filter to Composite Reference

Opt1 Ana In1 (6) Sets the auxiliary filter to Opt1 Ana In1.

Opt1 Ana In2 (7) Sets the auxiliary filter to Opt1 Ana In2.

Opt2 Ana In1 (8) Sets the auxiliary filter to Opt2 Ana In1.

Opt2 Ana In2 (9) Sets the auxiliary filter to Opt2 Ana In2.

FILTER DEST (2311) Preset Value: 0 
Range: 0 - 6

None (0) Sets the Filter Destination, (Output), to None.

Speed Loop (1) Sets the Filter Destination, (Output), to Speed Loop.

Torque Loop (2) Sets the Filter Destination, (Output), to Torque Loop.

Speed FFWD (3) Sets the Filter Destination, (Output), to Speed Forward.

Process FBK (4) Sets the Filter Destination, (Output), to Process Feedback.

Process FFWD (5) Sets the Filter Destination, (Output), to Process Feedforward.

Process SP (6) Sets the Filter Destination, (Output), to Process Setpoint.

FILTER CUTOFF (2312) Preset Value: 0.00
Range: 0.00 - 1000.00Hz 

Sets the cutoff frequency of the auxiliary filter (a low value = slower response).

NOTCH CNTR FREQ (2313) Preset Value: 0.00
Range: 0.00 - 500.00Hz 

Sets the center frequency for the notch filter (if Filter Type=Notch). 
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Block Title
Parameter (Number)

Selection (Value)
Parameter Name and Description

MISCELLA-
NEOUS

(Continued

NOTCH BAND (2314) Preset Value: 0.00
Range: 0.00 - 200.00Hz

Sets the frequency band of the notch filter (if Filter Type=Notch).

MOTOR 
DATA

MOTOR RATED VOLT (2401) Preset Value: CALC
Range: 0 - 1000 Volts 

The rated voltage of the motor (listed on the motor nameplate).

MOTOR RATED AMPS (2402) Preset Value: CALC
Range: 0 - MAX AMPS

The rated current of the motor (listed on the motor nameplate). 

MOTOR RATED SPD (2403) Preset Value: 1754
Range: 0 - 30000 RPM 

The rated speed of the motor (listed on the motor nameplate).

MOTOR RATED FREQ (2404) Preset Value: 60.00
Range: 10.00 - 500.00 

The rated frequency of the motor (listed on the motor nameplate).

MOTOR MAG AMPS (2405) Preset Value: CALC
Range: 0 - 90% MAX AMPS  

The motor magnetizing current value (listed on the motor nameplate) also called 
no load current. Measure using a clamp on amp meter on a motor lead while 
the motor is running at line frequency with no load connected to the motor 
shaft. 

INSTABILITY FREQ (2406)
Only available or active in V/F 
mode. Ignore for Open Vector 
mode.

Preset Value: 0.00   
Range: 0.00 - 500.00Hz
 

If the motor exhibits instability (usually no load) this parameter should be set to 
the center of the instability band.

STABILITY GAIN (2407)
Only available or active in V/F 
mode. Ignore for Open Vector 
mode.

Preset Value: 0.000 
Range: 0.000 - 10.000 
 
 

Sets the amount of correction to stabilize the motor.

ELEC SLIP FREQ (2412) Preset Value: CALC
Range: 0.000 - 20.000Hz 

Sets the rated slip frequency of the motor.

CALC MOTOR MODEL (2414) Preset Value: 0 
Range: 0 - 1 

No (0) No presets are calculated.

Yes (1) Loads preset values into memory that are required to perform auto tune. 

REVERSE ROTATION (2415) Preset Value: 0
Range: 0 - 1 

Off (0) Standard rotation not changed.

On (1) Control output phase change to reverse rotation direction without motor wiring 
change.

MOTOR RATED HP (2416) Preset Value: CALC
Range 0 - 4 times Drive Rated HP

Used to record the motor nameplate horsepower.

BRAKE 
ADJUST

RESISTOR OHMS (2501) Preset Value: CALC
Range: 0.00 - 255.0

The dynamic braking resistor value in ohms. Refer to dynamic braking manual 
for additional information.
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Block Title
Parameter (Number)

Selection (Value)
Parameter Name and Description

BRAKE 
ADJUST 

(Continued)

RESISTOR WATTS (2502) Preset Value: CALC
Range: 0 - 999999W 

The dynamic braking resistor watts rating. 

RESISTOR TTC (2503) Preset Value: CALC
Range: 20 – 3600 seconds

Sets the time for heat dissipation for the dynamic braking resistor. If 2X watts 
is dissipated continuously “Regen R Fault” will occur in the time set by this 
parameter. If 3x watts is dissipated continuously, “Regen R Fault” will occur in 
½ the time set by this parameter.

DC BRAKE VOLTS (2504)
Only available or active in V/F 
mode. Ignore for Open Vector 
mode.

Preset Value: 0.00 
Range: 0 - 20.00% 
   

The amount of DC braking voltage applied to the motor windings during a 
stop command. Increase this value for more braking torque during stops. The 
increased braking voltage may cause the motor to overheat for applications 
that require frequent starts/stops. Be careful in selecting this value. The 
maximum DC Brake Voltage = (1.414) X (Max Output Volts) X 20%.

DC BRAKE TRIGGER (2505)
Only available or active in V/F 
mode. Ignore for Open Vector 
mode. 

Preset Value: 0.00
Range: 0.00 - 50.00Hz 
 

The frequency at which dc injection braking will begin.

BRAKE ON STOP (2506) Preset Value: 0
Range: 0 - 1

Off (0) DC Injection Braking not active.

On (1) Enables DC Injection Braking.

DC injection braking will begin when a stop command is issued. After a stop 
command, the DC brake voltage will be applied to the motor windings when the 
output frequency reaches the DC brake trigger. 

BRAKE ON REVERSE (2507)
Only available or active in V/F 
mode. Ignore for Open Vector 
mode. 

Preset Value: 0 
Range: 0 - 1 

Off (0) Brake on Reverse not active.

On (1) DC Injection Braking enabled on a "Change Motor Rotation Direction” 
command.  

DC Injection braking will begin after a change-motor-rotation command is 
issued. After a stop command, the DC brake voltage will be applied to the 
motor windings when the output frequency reaches the DC brake trigger. 
Braking continues until the motor is stopped or until stop brake time is 
exhausted. The motor will then accelerate in the opposite direction.

STOP BRAKE TIME (2508)
Only available or active in V/F 
mode. Ignore for Open Vector 
mode.

Preset Value: 0.0 
Range: 0.0 - 60.0 seconds 

The maximum number of seconds that DC injection brake voltage will be 
applied to the motor windings after a stop command. After the time specified 
by this value, DC injection braking is automatically turned off. If DC injection 
braking starts at a frequency less than the DC brake trigger parameter, the stop 
brake time is calculated as follows: 
BrakeTime =  StopBrakeTime X (OutputFrequencyatBraking / DCBrakeTrigger) 
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Block Title
Parameter (Number)

Selection (Value)
Parameter Name and Description

BRAKE 
ADJUST 

(Continued)

BRAKE ON START (2509)
Only available or active in V/F 
mode. Ignore for Open Vector 
mode.

Preset Value: 0 
Range: 0 - 1 

Off (0) Brake on Start not active.

On (1) Enables Brake on Start.

ON turns DC injection braking ON for a period of time (Start Brake Time) when 
a run command is issued. This ensures the motor is not rotating. Braking will 
automatically turn off and the motor will accelerate at the end of the start brake 
time. 

START BRAKE TIME (2510)
Only available or active in V/F 
mode. Ignore for Open Vector 
mode.

Preset Value: 0.0 
Range: 0.0 - 60.0 seconds

The amount of time that DC injection braking will be applied after a run 
command is issued. This will only occur if brake on start is set to ON. Braking 
may cause the motor to overheat for applications that require frequent starts/
stops. Be careful in selecting this value. The start brake time should be just 
long enough to ensure the motor shaft is not rotating when a start command is 
issued. 

PROCESS 
CONTROL

PROCESS TYPE (2601) Preset Value: 0
Range: 0 - 2 

None (0) PID is disabled, however feedforward is always available.

Forward Acting (1) The process error computed as: PE = (Set Point) - (Feedback). Useful when 
feedback increases as motor speed increases. 

Reverse Acting (2) The process error computed as: PE =(Feedback) - (Set Point). Useful when 
feedback decreases as motor speed increases. 

Sets the type of PID control.

SETPOINT ADJ LIM (2602) Preset Value: 10.0
Range: 0.0 - 100.0% 

Sets as a percent of motor speed. It limits speed corrections due to process 
error. 

PROC FEEDBACK (2603) Preset Value: 0
Range: 0 - 10

None (0) No feedback assigned.

Setpoint Cmd (1) Setpoint command value used for feedback.

Loc Speed Ref (2) Local speed reference used for feedback.

Analog In1 (3) Analog Input 1 signal used for feedback.

Analog In2 (4) Analog Input 2 signal used for feedback.

Network (5) Network value used for feedback.

Composite Ref (6) Output of Composite Ref signal used for feedback.

Opt1 Ana In1 (7) Option 1, Analog Input 1 used for feedback.

Opt1 Ana In2 (8) Option 1, Analog Input 2 used for feedback.

Opt2 Ana In1 (9) Option 2, Analog Input 1 used for feedback.

Opt2 Ana In2 (10) Option 2, Analog Input 2 used for feedback.

Sets the type of signal used for the process feedback signal. 
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Block Title
Parameter (Number)

Selection (Value)
Parameter Name and Description

PROCESS 
CONTROL 
(Continued)

SETPOINT SOURCE (2604) Preset Value: 0
Range: 0 - 10 

None (0) Source of Process Loop Setpoint is not defined.

Setpoint Cmd (1) Setpoint command value used for Setpoint.

Loc Speed Ref (2) Local speed reference used for Setpoint.

Analog In1 (3) Analog Input 1 signal used for Setpoint.

Analog In2 (4) Analog Input 2 signal used for Setpoint.

Network (5) Network value used for Setpoint.

Composite Ref (6) Output of Composite Ref signal used for Setpoint.

Opt1 Ana In1 (7) Option 1, Analog Input 1 used for Setpoint.

Opt1 Ana In2 (8) Option 1, Analog Input 2 used for Setpoint.

Opt2 Ana In1 (9) Option 2, Analog Input 1 used for Setpoint.

Opt2 Ana In2 (10) Option 2, Analog Input 2 used for Setpoint.

Sets the source input signal type to which the process feedback will be 
compared. If “Setpoint CMD” is selected, the fixed value of the set point is 
entered in the Setpoint Command parameter value.

SETPOINT COMMAND (2605) Preset Value: 0.0
Range: -100.0% to +100.0% 

Sets the value as a percentage of the process feedback signal; the control will 
try to maintain by adjusting motor speed. This is only used when the Setpoint 
Source is a fixed value “Setpoint CMD” under Setpoint Source. 

PROC ERR TOL (2606) Preset Value: 10.0
Range: 0.0 - 100.0% 

The band within which the Opto or Relay Output is active (turned ON) indicating 
the process is within the desired range. 

PROC PROP GAIN (2607) Preset Value: 1.0000
Range: 0.0000 - 9999.9990 

Sets the PID loop proportional gain. Determines how much adjustment to motor 
speed is due to process error. 

PROC INTG GAIN (2608) Preset Value: 0.0000 
Range: 0.0000 - 9999.9990 

Sets the PID loop Integral gain. Determines how quickly the motor speed is 
adjusted to correct long term error. 

PROC INTG CLAMP (2609) Preset Value: 100.0
Range: 0.0 - 100.0%  

Sets the level of the Integrator clamp as a percentage of maximum motor 
speed.

PROC DIFF GAIN (2610) Preset Value: 0.0000
Range: 0.0000 - 9999.9990 

Sets the PID loop differential gain. This determines how much adjustment to 
motor speed is made for transient error.

PROFILE ADJUST (2611) Preset Value: 0
Range: 0 - 1

Off (0) No adjustment is made. 

On (1) ACC/DEC group is selected based upon comparing process error to Profile 
Adjust Band (P2612).
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Block Title
Parameter (Number)

Selection (Value)
Parameter Name and Description

PROCESS 
CONTROL 
(Continued)

PROFILE ADJ BAND (2612) Preset Value: 50.0
Range: 0 - 200.0%

Active when Profile Adjust (P2611) is ON. If process error is within this band, 
ACC/DEC Group 1 is used. If process error is outside this band, ACC/DEC 2 
is used. Useful when the PID’s response needs to differ when process error is 
small as compared to when it is large. 

PROC SLEEP BAND (2613) Preset Value: 0.0 
Range: 0 - 100.0%

Non-zero - Enables process PID sleep mode. When Process error remains 
within this band for 5 seconds, sleep mode is active (control is disabled, motor                   
coasts). If at any time the process error moves out of this band, sleep mode is 
terminated and normal PID operation is resumed. 
Zero - Disables sleep mode.

PROC OUT FILTER (2614) Preset Value: 0.00 
Range: 0.0 - 100.0 seconds 

Sets the amount of filtering for the PID process output. 

PROC OUT OFFSET (2615) Preset Value: 0.0 
Range: -100.0 - 100.0%

Sets the amount of offset for the PID process output.

PROC OUT GAIN (2616) Preset Value: 100.0
Range: 0.0 - 200.0% 

Sets the amount of gain for the PID process output. 

SKIP FRE-
QUENCY

SKIP FREQ 1 (2701) 
SKIP FREQ 2 (2703) 
SKIP FREQ 3 (2705)

Preset Value: 0.00
Preset Value: 0.00
Preset Value: 0.00
Range: 0 - MAX Speed Hz

The center frequency of the frequency band to skip or treat as a deadband. 
Three bands can be defined independently or the three values can be selected 
to skip one wide frequency band.

SKIP BAND 1 (2702) 
SKIP BAND 2 (2704) 
SKIP BAND 3 (2706)

Preset Value: 0.00
Preset Value: 0.00
Preset Value: 0.00 
Range: 0 - MAX Speed Hz

Defines the width of the band on either side of the Skip Frequency. The drive is 
not allowed to operate continuously at any point within a range defined by the 
Skip Frequency and the Skip Band. The lower boundary of this band is equal 
to the Skip Frequency minus the Skip Band. The upper boundary of this band 
is equal to the Skip Frequency plus the Skip Band. If the speed reference is 
set to a value between the lower boundary and the upper boundary, the drive 
will operate at the lower boundary when the band is being approached from 
a speed less than the lower boundary. If the band is being approached from 
a speed greater than the upper boundary, the drive will operate at the upper 
boundary. Should the speed reference be set to a value outside the band, then 
the drive will ramp through the band using the normal ACC/DEC settings. For 
example, if Skip Frequency 1 (P2701) is set to 20Hz and Skip Band 1 (P2702) 
is set to 5Hz, then the lower boundary of the band is at 15Hz and the upper 
boundary of the band is at 25Hz.

SYNCHRO 
START

SYNC START FWD (2801) Preset Value: 0 
Range: 0 - 1 

Off (0) Synchro Start Forward feature not active.

On (1) Synchro Start Forward feature active.

Synchro Start Forward feature begins scanning motor rotational frequency in 
the drive forward direction. If on, scan always starts in FWD direction even if 
P2802 is ON.
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Block Title
Parameter (Number)

Selection (Value)
Parameter Name and Description

SYNCHRO 
START 

(Continued)

SYNC START REV (2802) Preset Value: 0 
Range: 0 - 1 

Off (0) Synchro Start Reverse feature not active.

On (1) Synchro Start Reverse feature active.

Synchro Start feature begins scanning motor rotational frequency in the drive 
reverse direction. If P2801 is ON, scan always starts in FWD direction even if 
P2802 is ON. 

SYNC AT MAX FREQ (2803) Preset Value: 1 
Range: 0 - 1 

Off (0) Synchro at Max Frequency feature not active.

On (1) Synchro at Max Frequency feature active.

Allows the Synchro Start feature to begin scanning motor rotational frequency 
at the MAX Frequenhcy (On) or at the last speed reference command (Off).

SYNCHRO SCAN V/F (2804) Preset Value: 10.0 % V/F – 10% Open Vector 
Range: 1.0 - 25.0% 

Sets the Volts/Hertz ratio for the Synchro Start feature as a percentage of the 
V/F ratio defined by the “Control Base Volts/Control Base Frequency”. This 
Synchro Scan V/F percentage value is multiplied by the “Control Base Volts/
Control Base Frequency” value. If this value is too high, the inverter may fault 
on Overcurrent.

SYNC SETUP TIME (2805) Preset Value: 0.20 V/F – 0.10 Open Vector  
Range: 0.5 - 10.0 seconds 

The time at max frequency (or last reference) before scanning begins. Allows 
motor currents to settle before scanning starts. Active in both forward and 
reverse directions.

SYNC SCAN TIME (2806) Preset Value: 2.0 V/F – 0.50 Open Vector 
Range: 0.5 - 10.0 seconds 

The maximum time allowed for Synchro Start to scan and detect rotor speed 
in either direction. Scanning begins at the Start at MAX Frequency to 0Hz. 
Generally, the shorter the Synchro Scan Time the more likely a false Synchro 
Start will be detected. This value should be set high enough to eliminate false 
Synchro Starts. This time applies in each direction.

SYNC RECOVER (2807) Preset Value: 1.0 V/F – 0.10 Open Vector 
Range: 0.1 - 10.0 seconds

This time applies after the synchro frequency has been found. It is the amount 
of time given to ramp the voltage from the synchro start V/F ratio voltage level 
to the full V/F voltage level required by the motor. 

AUTO 
TUNE

ANA OFFSET TRIM (2901) Preset Value: 0 
Range: 0 - 1  

No (0) No action.

Yes (1) Measures analog offset for all analog inputs. Set analog inputs to zero before 
executing.

ONE-STEP TUNING (2902)
Only available or active in Open 
Vector mode. Ignore for V/F 
mode.

Preset Value: 0   
Range: 0 - 1 
 

No (0) No action.

Yes (1) Performs one step auto tune. (Prompts for “Press Enter” before a rotational test 
is performed).

STATOR R1 TUNE (2903) Preset Value: 0 
Range: 0 - 1

No (0) No action.

Yes (1) Measures Stator Resistance. Stationary test will not cause motor shaft rotation.
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Block Title
Parameter (Number)

Selection (Value)
Parameter Name and Description

AUTO 
TUNE 

(Continued)

MEASURE Xm (ROT) (2904)
Only available or active in Open 
Vector mode. Ignore for V/F 
mode.

Preset Value: 0 
Range: 0 - 1
 

No (0) No action.

Yes (1) Measures MAG Reactance. This is a rotational test. Load should be decoupled 
from the motor.

MEASURE LEAKAGE (2905)
Only available or active in Open 
Vector mode. Ignore for V/F 
mode. 

Preset Value: 0 
Range: 0 - 1 
 

No (0) No action.

Yes (1) Measures leakage reactance and rotor resistance. 

CUR. LOOP TUNE (2906)
Only available or active in Open 
Vector mode. Ignore for V/F 
mode.

Preset Value: 0  
Range: 0 - 1 

No (0) No action.

Yes (1) Tunes the current controller loop.

FLUX CUR. TUNE (2907)
Only available or active in Open 
Vector mode. Ignore for V/F 
mode. 

Preset Value: 0  
Range: 0 - 1  

 

No (0) No action.

Yes (1) Tunes the flux controller loop. This is a rotational test. 
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7.3  Level 3 Parameters (Advanced Prog, Level 3 Blocks)

Table 7-3  Level 3 Parameter Block Definitions

Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

PROFILE 
RUN

NUMBER OF CYCLES (3001) Preset Value: 0
Range: 0 - 255  

Sets the number of cycles that the profile will automatically run before 
stopping. 

PR RESTART MODE (3002) Preset Value: 0 
Range: 0 - 1 

Restart (0) If interrupted, profile will start from the first step.

Continue (1) If interrupted, profile will start from current step.

Sets the restart mode if Profile Run is interrupted.

SPEED CURVE 1 (3003) 
SPEED CURVE 2 (3005) 
SPEED CURVE 3 (3007) 
SPEED CURVE 4 (3009) 
SPEED CURVE 5 (3011) 
SPEED CURVE 6 (3013) 
SPEED CURVE 7 (3015) 

Preset Value: 0 
Preset Value: 0
Preset Value: 0
Preset Value: 0
Preset Value: 0
Preset Value: 0
Preset Value: 0
Range: 0 - 3 

FWD-Group1 (0) FWD-ACC/DEC Group1

REV-Group1 (1) REV-ACC/DEC Group1

FWD-Group2 (2) FWD-ACC/DEC Group2

REV-Group2 (3) REV-ACC/DEC Group2

Speed for curve is set by the value of the correlating Preset Speed.

PROFILE TIME 1 (3004) 
PROFILE TIME 2 (3006) 
PROFILE TIME 3 (3008) 
PROFILE TIME 4 (3010) 
PROFILE TIME 5 (3012) 
PROFILE TIME 6 (3014) 
PROFILE TIME 7 (3016) 

Preset Value: 0.00
Preset Value: 0.00
Preset Value: 0.00
Preset Value: 0.00
Preset Value: 0.00
Preset Value: 0.00
Preset Value: 0.00
Range: 0 - 65535.00 seconds

Sets the amount of time Profile Run stays at a preset speed. Time starts when 
speed is within the At Speed Band P1506. ACC/DEC times are not included. A 
setting of zero causes an immediate transition to the next speed segment after 
the current segment is within the speed band. (See also 1506.)

PULSE 
FOLLOWER

MASTER PPR (3101) Preset Value: 1024
Range: 50 - 20000 counts 

The number of encoder pulses per revolution of the master encoder. (See also 
MN755.)

INPUT VOLTS (3102) Preset Value: 0
Range: 0 - 1 

5V (0) Encoder operating voltage is 5V.

12V (1) Encoder operating voltage is 12V.

INPUT TYPE (3103) Preset Value: 1
Range: 0 - 2

None (0) No encoder input signal to the EXBHH007 expansion board.

Quadrature (1) Quadrature encoder input signal to the EXBHH007 expansion board.

Speed (2) Speed encoder input signal to the EXBHH007 expansion board.
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

PULSE 
FOLLOWER 
(Continued)

TRACK MODE (3104) Preset Value: 0  
Range: 0  

Velocity Following (0)

Increment/Decrement changes the Rx Ratio Output by the value of the 
increment step parameter on the fly, and follows the velocity of the master (no 
position loop). The present position gain parameter disabled (internally set to 
0).

Note that Position Following and Position Sync modes are not applicable.

INCREMENT STEP (3105) Preset Value: 1 
Range: 1 - 1024 

Output portion of the selected I:O ratio or absolute position is changed by this.

RX RATIO INPUT (3106) Preset Value: 1024 
Range: 1 - 1048576 

Receive Input Ratio or the received counts input divisor.

RX RATIO OUT 1 (3107)
RX RATIO OUT 2 (3108)
RX RATIO OUT 3 (3109)
RX RATIO OUT 4 (3110)

Preset Value: 1024
Preset Value: 1024
Preset Value: 1024
Preset Value: 1024
Range: 1 - 1048576

Received counts output multiplier.

OUTPUT TYPE (3111) Preset Value: 0
Range: 0 - 1

Quadrature (0) Quadrature encoder output signal from the EXBHH007 expansion board.

Speed (1) Speed encoder output signal from the EXBHH007 expansion board.

TX RATIO INPUT (3112) Preset Value: 1:1024 
Range: 1 - 1048576 

Retransmitted input count ratio or retransmitted input counts divisor.

TX RATIO OUTPUT (3113) Preset Value: 1024 
Range: 1 - 20000

Retransmitted output count ratio or retransmitted output counts output 
multiplier. 

VS1 ControlMPR/F Expansion Board

Rx
From Master 
Encoder

Scale

Buffered Encoder
Output

Rx Ratio Input
Rx Ratio Output

Rx
Scale Rx Out Position

Processor

Tx Ratio Input

Tx Ratio Output Tx
Scale

Tx
Scale

Example: Master Encoder=1024, Buffered Encoder Output = 1024 (Desired) 
Rx Ratio In=1024, Rx Ratio Out = 2048 Rx Out to H2 Control = 2048 Tx Ratio 
In = 2048, Tx Ratio Out = 1024 Buffered Encoder Output = 1024

SAVE RX OUT RATI (3114) Preset Value: 0
Range: 0 – 1

No (0) Does not save values to non-volatile memory. 

Yes (1) Saves values to non-volatile memory. 

Determines whether or not receive output ratios are saved to non-volatile 
memory so that they are retained upon loss of drive power.
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

CUSTOM 
UNITS

MAX DEC PLACES (3201) Preset Value: 1
Range: 0 - 5 

0 Zero decimal places for the Custom Units display. 

1 One decimal place for the Custom Units display. 

2 Two decimal places for the Custom Units display. 

3 Three decimal places for the Custom Units display. 

4 Four decimal places for the Custom Units display. 

5 Five decimal places for the Custom Units display. 

The number of decimal places for the Custom Units display. 

VALUE AT SPEED (3202) Preset Value: 0.0: 0  
Range: 0.0 - 9999999.0 (X.X: YRPM)

Sets the desired output rate per RPM of motor speed for the Custom Units 
display. This parameter provides scaling. Normal status display used until “y” 
is set to a non-zero value. The value “X.X” is displayed at “Y” RPM.  Note that 
“Y” RPM is programmed in parameter P3204 when using Mint WorkBench.

UNITS OF MEASURE (3203) Preset Value: Cust 
Range: ASCII & Graphic Characters 

Allows user specified units of measure to be displayed for the Custom 
Units display. Characters are selected from display using  and  keys. 
More characters are available (press MORE “F1” on keypad) for additional 
characters. 

PLC MODE PLC LOCK (3400) Preset Value: 0
Range 0 - 1

Off (0)
Contents of PLC parameters P3401 through P3430 are viewable. If security is 
Off or the access code is entered, then the contents of these parameters are 
also changeable.

On (1)

Contents of PLC parameters P3401 through P3430 are hidden from user by 
displaying 0.0.0.0 for each of these parameters. 
This parameter is used to protect OEM/System Integrator programming that 
has been developed for the PLC operating mode. Set this parameter to 1-On 
to protect the code.

This parameter is only accessible by using Mint WorkBench. It cannot be 
viewed or changed from the keypad. 
Note: Transitioning this parameter from 1-On to 0-Off resets each of the 
parameters P3401 through P3430 to their factory default thus clearing the 
programming.

PLC CONFIG 1 through 
PLC CONFIG 30 
(3401 - 3430)

Preset Value: 000.128.000.000 
Range: 0 to 255.255.255.255

30 PLC statements that define the 32 bit word format and structure as:
  

         Where:                
           DDD = bits 31-24 Byte 3                                                                                          
           CCC = bits 23-16 Byte 2                                                                        
           BBB = bits 15-8 Byte 1                                                                                               
           AAA = bits 7-0 Byte 0                                                   

Parameter No.        Hex Byte 3              Hex Byte 2         Hex Byte 1           Hex Byte 0

PS3401 - 3430      Condition ID      Logical Operator ID      Condition ID          Action ID
                                   MSD                               LSD
                           (see Chapter 10)     (see Chapter 10)     (see Chapter 10)  (see Chapter 10)

051 = Digital Input 1 (see Chapter 10)
000 = OR (see Chapter 10)
000 = False (see Chapter 10)
020 = Forward (see Chapter 10)
 

Parameter Number Format = DDD.CCC.BBB.AAA     Example:  P3401 = 051.000.000.020

See also Chapter 10.
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

PLC MODE
(Continued)

COMPARE A PARAM (3431) 
COMPARE B PARAM (3433) 

Preset Value: 0 
Preset Value: 0
Range: 00000 to 10000 

Comparator parameters provide a way to monitor real-time signals within the 
drive and apply them to the PLC Mode’s logic. The setting of this parameter 
is the number of the parameter to be monitored by the comparator. They may 
be used on the condition definition side of the PLC Mode’s logic. (See Chapter 
10). 

COMPARE A CNST1 (3432) 
COMPARE B CNST1 (3434)
COMPARE A CNST2 (3435) 
COMPARE B CNST2 (3436) 

Preset Value: 0.00 
Preset Value: 0.00
Preset Value: 0.00
Preset Value: 0.00
Range: 0.00 to 100.00%

See Chapter 10.

TIMER A DURATION (3440) 
TIMER B DURATION (3441) 
TIMER C DURATION (3442) 
TIMER D DURATION (3443)

Preset Value: 0.00
Preset Value: 0.00
Preset Value: 0.00
Preset Value: 0.00
Range: 0.00 to 999999.00 seconds 

See Chapter 10.

COMP REF PARAM A NUMBER (3501)
PARAM B NUMBER (3503)

Preset Value: 0
Preset Value: 0
Range: 00000 to 10000

Holds number to the second parameter used in the reference. See Chapter 11.

PARAM A FUNCTION (3502)
PARAM B FUNCTION (3504)

Preset Value: 0
Preset Value: 0 
Range: 0 - 9

Zero (0)

Identity (1)

Absolute Value (2)

Invert (3)

Square (4)

Square Root (5)

Sine (6)

Cosine (7)

Ramp Generator (8)

Freq Generator (9)

Mathematical function applied to the first (A) and second (B) parameter. See 
Chapter 11.

OPERATOR (3505) Preset Value: 0
Range: 0 - 5

Sum (0)

Difference (1)

Multiply (2)

Divide (3)

Maximum (4)

Minimum (5)

The mathematical operator applied to the first and second parameters. See 
Chapter 11.

Table 7-3  Level 3 Parameter Block Definitions Continued
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

COMP REF
(Continued)

FUNCTION (3506) Preset Value: 1
Range: 0 - 9

Zero (0)

Identity (1)

Absolute Value (2)

Invert (3)

Square (4)

Square Root (5)

Sine (6)

Cosine (7)

Ramp Generator (8)

Freq Generator (9)

Mathematical function applied after the operator. See Chapter 11.

PARAM A GAIN (3507)
PARAM B GAIN (3508)

Preset Value: 1.00
Preset Value: 1.00
Range: -1000.000  to 1000.000

Provides numerical scaling for parameter A and B. See Chapter 11.

RTC 
FEATURES

RTC ACTION 1 (3601) 
RTC ACTION 2 (3602)

Preset Value: 0
Preset Value: 0
Range: 0 - 23

None (0)

D.Out1 On (1)

D.Out1 Off (2)

D.Out2 On (3)

D.Out2 Off (4)

R.Out1 On (5)

R.Out1 Off (6)

R.Out2 On (7)

R.Out2Off (8)

Increment (9)

Decrement (10)

Reset (11)

D.Out1 On/IncP107 (12)

D.Out1 Off/IncP107 (13)

D.Out1 On/DecP107 (14)

D.Out1 Off/DecP107 (15)

D.Out1 On/Reset (16)

D.Out1 Off/Reset (17)

R.Out1 On/IncP107 (18)

R.Out1 Off/IncP107 (19)

R.Out1 On/DecP107 (20)

R.Out1 Off/DecP107 (21)

R.Out1 On/Reset (22)

R.Out1 Off/Reset (23)

First action taken as a result of an edge from the RTC. See Chapter 12.

Second action taken as a result of an edge from the RTC. See Chapter 12.

Table 7-3  Level 3 Parameter Block Definitions Continued



7-34  Parameter Descriptions MN764

Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

RTC 
FEATURES
(Continued)

RTC MESSAGE 1 (3603) 
RTC MESSAGE 2 (3604)

Preset Value: 0
Preset Value: 0
Range: 0 - 8 

None (0)

Clean Filter (1)

Change Filter (2)

Apply Oil/Lube (3)

Lube Mtr. Brngs (4)

Service Drive (5)

Service Coolant (6)

Service Heating (7)

RTC Alarm (8)

First message sent as a result of an edge from the RTC. See Chapter 12.

Second message sent as a result of an edge from the RTC. See Chapter 12.

ACT1 QUALIFIER (3605) 
ACT2 QUALIFIER (3606)

Preset Value: 0
Preset Value: 0
Range: 0 - 6

Once (0)

Second (1)

Minute (2)

Hourly (3)

Daily (4)

Monthly (5)

Yearly (6)

Schedule qualifier for the RTC action 1. See Chapter 12.

Schedule qualifier for the RTC action 2. See Chapter 12.

MSG1 QUALIFIER (3607) 
MSG2 QUALIFIER (3608)

Preset Value: 0
Preset Value: 0
Range: 0 - 6

Once (0)

Second (1)

Minute (2)

Hourly (3)

Daily (4)

Monthly (5)

Yearly (6)

Schedule qualifier for the RTC message 1. See Chapter 12.

Schedule qualifier for the RTC message 2. See Chapter 12.

ACT1 DATE/TIME (3609) 
ACT 2 DATE/TIME (3610)

Preset Value: 01 January 2000, 00:00:00
Preset Value: 01 January 2000, 00:00:00
Range: 01 January 2000, 00:00:00 - 31 December 2063, 23:59:59

Schedule qualifier for the RTC message 1. See Chapter 12.

Schedule qualifier for the RTC message 2. See Chapter 12.

Table 7-3  Level 3 Parameter Block Definitions Continued
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Block Title
Parameter (Number)

    Selection (Value)
Parameter Name and Description

RTC 
FEATURES
(Continued)

MSG1 DATE/TIME (3611) 
MSG 2 DATE/TIME (3612)

Preset Value: 01 January 2000, 00:00:00
Preset Value: 01 January 2000, 00:00:00 
Range:  01 January 2000, 00:00:00 - 31 December 2063, 23:59:59

Date and Time for RTC message 1. See Chapter 12.

Date and Time for RTC message 2. See Chapter 12.

RTC COUNTER MAX (3630) Preset Value: 0
Range: 00000 - 99999

See Chapter 12. 

DST SELECT (3631) Preset Value: 0
Range: 0 - 2

Off (0) Daylight Saving Time select. DST not used.

U.S.A (1) Daylight Saving Time select. DST for U.S.A.

E.U. (2) Daylight Saving Time select. DST for E.U.

See Chapter 12.

Table 7-3  Level 3 Parameter Block Definitions Continued
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Chapter 8
Customizing Your Application  

Manually Tuning the Control 
In some applications the drive cannot be accurately auto tuned. In these cases, it is necessary to calculate the values 
needed to tune the drive and manually enter these calculated parameter values. In case the autotune feature cannot be 
used, enter the motor rated and magnetizing current parameters as described below and execute “Calc Motor Model”. Use 
the current proportional, current integral and speed gains calculated after this step as the starting point for manual fine-
tuning. 

Motor Mag Amps Parameter 
This parameter is located in the Level 2, Motor Data Block. This parameter is normally entered using the nameplate data 
(motor no load amps) or auto tuned. If no other data is available, set Motor Mag Amps parameter to about 40% of the motor 
rated current stated on the nameplate. 
The following procedure should be used for setting the Motor Mag Amps parameter with the motor coupled to the load: 
1. Adjust the Motor Mag Amps parameter to 40% of the motor nameplate full load current rating. 
2. Give the controller a speed command input of 80% of the Base Speed on motor nameplate. 
3. Observe the Motor Rated Volt parameter on the keypad Diagnostic display. Ideally, it should be 80% of motor nameplate 

voltage. By raising the Motor Mag Amps parameter value, the motor voltage will increase proportionally. By reducing the 
Motor Mag Amps parameter value, the motor voltage will decrease proportionally. 

4. While the motor is running, adjust the Motor Mag Amps parameter until the display indicates the proper voltage (80% of 
motor rated). 

Electrical Slip Frequency Parameter 
This parameter is located in the Level 2, Motor Data Block. The slip frequency may be calculated from nameplate data or 
auto tuned.  
                             Fslip  =  Rated Freq – [ (Rated RPM x Number of Motor Poles) / 120 ]

Current Prop Gain Parameter 
This parameter is located in the Level 1, Motor Control Block. The value is set at the factory and is recommended to be 
changed with Auto Tune or “Calc Motor Model”. Do not attempt to change the value manually. 

Current Int Gain Parameter 
The Current Int Gain parameter located in the Level 1 Motor Control Block is factory set and is suitable for most 
applications. 

Speed Prop Gain Parameter 
The Speed Prop Gain parameter located in the Level 1 Motor Control Block is factory set to 5. This gain may be increased 
or decreased to suit the application. Increasing the Speed Prop Gain parameter will result in faster response, excessive 
proportional gain will cause overshoot and ringing. Decreasing the Speed Prop Gain parameter will cause slower response 
and decrease overshoot, ringing, and possibly instability resulting in overcurrent faults.

Speed Int Gain Parameter 
The Speed Int Gain parameter in the Level 1 Motor Control Block is set to 10 Hz and may be set at any value. See also, PI 
Controller later in this section. Setting the Speed Int Gain parameter to 0Hz removes integral compensation that results in a 
proportional rate loop. This selection is for systems where overshoot must be avoided and stiffness (ability of the controller 
to maintain commanded speed with varying torque loads) is not required. 
Increasing values of the Speed Int Gain parameter increases the stiffness of the controller. Typical setting is 10 Hz. If the 
Speed Prop Gain parameter and the Speed Int Gain parameter are set too high, an overshoot condition can occur.
To manually tune the control, the following procedure is used with the load coupled to the motor:
1. Set the speed Integral Gain parameter = 0 (remove integral gain). 
2. Increase the Speed Prop Gain parameter setting until adequate response to step speed commands is attained. 
3. Increase the Speed Integral Gain parameter setting to increase the stiffness of the drive. Note:  It is convenient to monitor 

speed step response with a strip chart recorder or storage oscilloscope connected to J1A-6 or -7 with Level 1, Output 
Block Analog Out #1 or #2 set to ABS SPEED, 0 VDC = zero speed. See Chapter 5 for a discussion of analog outputs. 
Additionally, the scope function within Mint WorkBench is a good tool to use while tuning the drive speed loop.

PI Controller 
Both the current and rate control loops are of the Proportional plus Integral type. If “E” is defined to be the error signal,
E = Command - Feedback
then the PI controller operated on “E” as
Output = (Kp * E) + (Ki ∫ E dt)
where Kp is the proportional gain of the system and Ki is the integral gain of the system.
The transfer function (output /E) of the controller using 1/s (Laplace Operator) to denote the integral,
Output/E = Kp + Ki / s = Kp (s + Ki/Kp) /s.
The second equation shows that the ratio of Ki/Kp is a frequency in radians/sec. In the Baldor AC Vector Control, the integral 
gain has been redefined to be,
KI = (Ki / Kp) / (2π) Hz,
and the transfer function is,
Output/E = Kp (s + 2πKI) / s.
The integral gain is a frequency (in Hz) and should be set to about 1/10 of the bandwidth of the control loop. 
The proportional gain sets the open loop gain of the system, the bandwidth (speed of response) of the system. 
If the system electrical noise is excessive, the most likely cause is that the proportional gain is set too high.
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Chapter 9
Troubleshooting  

The VS1SP continuously monitors its status and operation. When a fault occurs, the event and drive status is captured to 
help you troubleshoot problems. The following are designed to help in troubleshooting: 

LEDs on the keypad indicate status (Stop, FWD, REV, Jog) 
Fault Codes displayed on the keypad display as they occur 
A log of these faults and the time each occurred is kept in the Event Log 
A trace log for each event stored in the Event log 

9.1  Event Log

From the Menu display screen, select Event Log and press enter. If an error is displayed during operation, press the “Help” 
key to learn more about the error. If more than one error was logged, access the Event Log and examine each error Entry at 
the time of the event to learn more about the error.

Action Description Display Comments

S A
S

STATUS FWD LOCAL

DIAG 600r MAIN

159.5V 600RPM
6.2A 20.00HZ

STATUS
BASIC PARAMS
ADVANCED PROG
EVENT LOG
DIAGNOSTICS

DIAG BACK

G

LOW INITIAL BUS
0 Date    Time

Entry #
 0-9

SS

Displays error name, 
Entry # and time the 
error occurred.

EV. LOG

STATUS TRACE

      LOW INITIAL BUS
0 4-Jul-06   09:35:00

LOCALSTOP

S

Trace
Trace is used to display control conditions present at the time the fault occurred. Input states, Output states, various voltage 
and current values etc. can be viewed to help understand the cause of the fault condition. Each event in the Event log has 
its own Fault Trace displays that were captured when that event occurred. Scroll through the event log to the event you wish 
to investigate.

Trace Displays

Action Description Display Comments
Event Log Display Press  to scroll to the

event you want to investigate.
EV. LOG

STATUS TRACE

      LOW INITIAL BUS
3 4-Jul-06   09:42:00

LOCALSTOP  Press F2 (or press Enter) to show
the fault Trace for the event.

Fault Trace Display The Fault Latch word is displayed.

0x exadecimal
0b Binary

STATUS T0003 BACK

FAULT LATCH
0x0000

EV. LOG FAULT TRACE Press   to view next entry.

This is a hex value.

The T0003 indicates the Fault
Trace for event 3 of the event log
is displayed.

 or 

 or 
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FAULT LATCH Word Interpretation

Hexadecimal Binary Description

0000 0000 0000 0000 0000 No Fault

0001 0000 0000 0000 0001 Motor Phase U upper Transistor

0002 0000 0000 0000 0010 Motor Phase U lower Transistor

0004 0000 0000 0000 0100 Motor Phase V lower Transistor

0008 0000 0000 0000 1000 Motor Phase V upper Transistor

0010 0000 0000 0001 0000 Motor Phase W lower Transistor

0020 0000 0000 0010 0000 Motor Phase W upper Transistor

0040 0000 0000 0100 0000 Brake Desaturation Fault

0080 0000 0000 1000 0000 Brake IGBT Fault

0100 0000 0001 0000 0000 Not Used

0200 0000 0010 0000 0000 Not Used

0400 0000 0100 0000 0000 Ground Fault

0800 0000 1000 0000 0000 Over Current Fault (Active Low)

1000 0001 0000 0000 0000 Pulse by Pulse fault on Motor Phase 1

2000 0010 0000 0000 0000 Pulse by Pulse fault on Motor Phase 2

4000 0100 0000 0000 0000 Pulse by Pulse fault on Motor Phase 3

8000 1000 0000 0000 0000 Inverter Desaturation Fault

Trace Displays Continued

Action Description Display Comments

A

STATUS T0003 BACK

ALARMLATCH
0x0000

EV. LOG FAULT TRACE

ALARM LATCH Word Interpretation

Hexadecimal Binary Description

0000 0000 0000 0000 0000 No Alarm

0001 0000 0000 0000 0001 Fan Alarm

0002 0000 0000 0000 0010 Motor Over Temperature

0004 0000 0000 0000 0100 Phase Loss

0008 0000 0000 0000 1000 Line Loss

0010 0000 0000 0001 0000 Line Sag

0020 0000 0000 0010 0000 Power Supply Alarm

0040 0000 0000 0100 0000 Not Used

0080 0000 0000 1000 0000 Powerbase in pulse-by-pulse limiting 

0100 0000 0001 0000 0000 Not Used

0200 0000 0010 0000 0000 Not Used

0400 0000 0100 0000 0000 Not Used

0800 0000 1000 0000 0000 Not Used

1000 0001 0000 0000 0000 Not Used

2000 0010 0000 0000 0000 Not Used

4000 0100 0000 0000 0000 Not Used

8000 1000 0000 0000 0000 Not Used
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Trace Displays Continued

Action Description Display Comments

A

STATUS T0003 BACK

ADC CURRENT REF
1.501 V

EV. LOG FAULT TRACE

STATUS T0003 BACK

24 V REF
25.7 V

EV. LOG FAULT TRACE

STATUS T0003 BACK

USER INPUTS
100000000

EV. LOG FAULT TRACE

STATUS T0003 BACK

DIGITAL OUTPUTS
00010010

EV. LOG FAULT TRACE

Digital Output Display
Description

Hexadecimal Binary

00 0000 0000 No Fault

01 0000 0001 Actual Speed is less than Zero Speed Band

02 0000 0010 Main SCR enable (active low)

04 0000 0100 Dynamic Brake active

08 0000 1000 Soft start (pre-charge) relay active

10 0001 0000 Relay Output 2 (J3-28, 29, 30) active

20 0010 0000 Relay Output 1 (J3-25, 26, 27) active

40 0100 0000 Digital Output 2 (J2-19, 20) active

80 1000 0000 Digital Output 1 (J2-17, 18) active
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Trace Displays Continued

Action Description Display Comments
Next is the voltage present at
Analog Input 1.

STATUS T0003 BACK

ANA INPUT 1
0.0 V

EV. LOG FAULT TRACE Press   to view next entry.

Next is the voltage present at
Analog Input 2.

STATUS T0003 BACK

ANA INPUT 2
0.0 V

EV. LOG FAULT TRACE Press   to view next entry.

Next is the Speed Reference
Setting.

STATUS T0003 BACK

SPEED REF
60.00 Hz

EV. LOG FAULT TRACE Press   to view next entry.

Next is the AC output current on
phase 1.

STATUS T0003 BACK

PH1  CURRENT
0.0 A

EV. LOG FAULT TRACE Press   to view next entry.

 or 

 or 

 or 

 or 

Next is the AC output current on
phase 2.

STATUS T0003 BACK

PH2  CURRENT
0.0 A

EV. LOG FAULT TRACE Press   to view next entry.

Next is the AC output current on
phase 3.

STATUS T0003 BACK

PH3  CURRENT
0.0 A

EV. LOG FAULT TRACE Press   to view next entry.

Next is the Motor Current.

STATUS T0003 BACK

MOTOR CURRENT
0.0A

EV. LOG FAULT TRACE Press   to view next entry.

Next is the Motor Torque.

STATUS T0003 BACK

MOTOR TORQUE
0.0 NM

EV. LOG FAULT TRACE Press   to view next entry.

 or 

 or 

 or 

 or 

Fault Trace Display

Fault Trace Display

Fault Trace Display

Fault Trace Display

Fault Trace Display

Fault Trace Display

Fault Trace Display

Fault Trace Display
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Trace Displays Continued

Display

The control heatsin� te�perature.

T0003 BACK

DRIVE TEMP
27.3  °C

EV. LOG Press   to view next entry.

The fault code for the event.

T0003 BACK

FAULT LATCH
0x0000

EV. LOG Press   to view next entry.

The alar� code for the event.

T0003 BACK

ALARM LATCH
0x0000

EV. LOG Press   to view next entry.

BACK

END OF
FAULT TRACE

EV. LOG  Press �nter or �2 to return to the
event log.
 

 or 

 or 

 or 

Next is the Motor �oltage.

STATUS T0003 BACK

MOTOR VOLTS
0.0V

EV. LOG FAULT TRACE Press   to view next entry.

Next is the Motor Speed.

T0003 BACK

MOTOR SPEED
0 RPM

EV. LOG Press   to view next entry.

Next is �us �oltage.

BUS VOLTAGE
0.0 V

EV. LOG Press   to view next entry

 or 

 or 

 or 

Action Description Display Comments

Fault Trace Display

Fault Trace Display

Fault Trace Display

Fault Trace Display

Fault Trace Display

Fault Trace Display

Fault Trace Display

.

STATUS

STATUS

STATUS

STATUS

STATUS

FAULT TRACE

FAULT TRACE

FAULT TRACE

FAULT TRACE

FAULT TRACE
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9.2  Diagnostic Information

After power up, select the Diagnostic Menu to see information from the diagnostic displays.

Action Description Display Comments
Press Menu �isplays top level �enu options.

STATUS
BASIC PARAMS

ADVANCED PROG
EVENT LOG
DIAGNOSTICS

STATUS BACK

Press   or  to �ove cursor over
the ��IA�N�STICS� selection.

Press �nter to view diagnostic
infor�ation.

Press   to display next
group.

�isplays active operating �ode
settings.

EV. LOG 0.00r MAIN

OPERATING MODE
Keypad
Speed

V/F Control

DIAG LOCAL

Press   to display next
group.

�it display of digital inputs�
outputs and the voltage present at
the internal 2�� supply ter�inals.

EV. LOG 0.00r MAIN

DIGITAL I/O
INPUTS 100000000
OUTPUTS 0001
USER 24V 24.9V

DIAG LOCAL Press   or  to go to the next or
previous �iagnostic screen.

Press �2 to return to previous
�enu.

Press   to display next
group.

Output Frequency, % Feedforward
% Setpoint, % Feedback

EV. LOG 0.00r MAIN

 PROC CONTROL PID
         0.00HZ 0.0FF

         0.0SP 0.0FB

DIAG LOCAL Press   or  to go to the next or
previous �iagnostic screen.
Press �2 to return to previous
�enu.
Note:  This screen does not appear
unless P#1401 is set to Process Control.

�iagnostic �isplay �isplays software version� hp�
volts and A�p��olt ratings.

EV. LOG 0.00r MAIN

IHH-1.22
RATED HP 3HP
RATED VOLTS 240.0V
RATED A/V 4.0A/V

DIAG STOP LOCAL Press   to go to the next or
previous �iagnostic screen.

Press �2 to return to previous
�enu.

 

 

 

 or 

Note�  �xa�ple display shows that 
             the drive ena�le ter�inal 
             ��2��� is on and that 
             Relay �ut 2 is on.

STOP

STOP

STOP

Press  to display next
group.

EV. LOG 0.00r MAIN

IHH-1.22

RATED CURRENT 9.6A
RATED PK CU 16.8A

DIAG STOP LOCAL Press   to go to the next or
previous �iagnostic screen.

Press �2 to return to previous
�enu.

Press  to display next
group. �isplays�

Power �ase I� nu��er
�� �ir�ware version
�P�A �r�ware version

EV. LOG 0.00r MAIN

POWER BASE VERSION
ID 0x000A2003
EE VER 0x00000001
FPGA VER 0x00000A02

DIAG LOCAL Press   to go to the next or
previous �iagnostic screen.

Press �2 to return to previous
�enu.

�x��exadeci�al
����inary

Press  to display next
group.

�isplays real ti�e cloc� values
�date and ti�e� and total run ti�e
since installation.

Press �NT�R to set date and
ti�e.

EV. LOG 0.00r MAIN

 REAL TIME CLOCK
Jan 1, 2009
22:07:35

RUN TIMER 474.1HR

DIAG LOCAL Press   to go to the next or
previous �iagnostic screen.

Press �2 to return to previous
�enu.

 or 

 or 

 or 

STOP

STOP
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Diagnostic Information Continued

Action Description Display Comments
Press  to display next
group.

�isplays energy cost ��ased on
para�eter �23�� value�.

EV. LOG 0.00r MAIN

ENERGY
EST  POWER 0.00KW   
EST  ENERGY 0.0KWH
EST  COST 0.0$    
 

DIAG STOP LOCAL Press   to go to the next or
previous �iagnostic screen.

Press �2 to return to previous
�enu.

Press �1 to go to Status screen.

Press  to display next
group.

�iagnostic Analog Input values
display.

EV. LOG 0.00r MAIN

ANALOG INPUTS

ANA IN1 1.3v
ANA IN2 0.0v

DIAG LOCAL Press   to go to the next or
previous �iagnostic screen.

Press �2 to return to previous
�enu.

Press  to display next
group.

�iagnostic Analog �utput values
display.

EV. LOG 0.00r MAIN

ANALOG OUTPUTS

ANA OUT1 0.0V
ANA OUT2 0.0V

DIAG LOCAL Press   to go to the next or
previous �iagnostic screen.

Press �2 to return to previous
�enu.

 or 

 or 

 or 

 �isplays �eypad software version.

EV. LOG 0.00r MAIN

KEYPAD VERSION
KEYPAD SOF       1.1X

DIAG LOCAL

 

EV. LOG 0.00r MAIN

OPTION BOARDS
OPTION 1 ETHERNET
OPTION 2 NONE
FEEDBACK NONE

DIAG LOCAL

�isplays Co�posite Reference
values.

EV. LOG 0.00r Alarm

COMPOSITE REF
COMPONENT A 0.00%
COMPONENT B 0.00%
REFERENCE 0.00%

DIAG LOCAL

 

�C �us �oltage
�rive �eatsin� Te�perature
� �rive �verload �re�aining�

DRIVE
BUS VOLTAGE 333.9V
DRIVE TEMP 26.1C
DRIVE O/L L 100.0%

DIAG LOCAL

EV. LOG 0.00r Alarm

 

Motor �oltage
Motor Current
� Motor �verload �re�aining�

MOTOR
MOTOR VOLTAGE 333.9V
MOTOR CURR 4.8A
MOTOR O/L L 100.0%

DIAG LOCAL

EV. LOG 0.00r Alarm

Press �2 to return to previous
�enu.

Press  to go to the next or
previous �iagnostic screen.

 or 

Press �2 to return to previous
�enu.

Press  to go to the next or
previous �iagnostic screen.

 or 

Press  to go to the next or
previous �iagnostic screen.

Press �2 to return to previous
�enu.

Press �1 to go to Status screen.

 or Press  to display next
group.

�iagnostic installed �ption Card
identi�cation display.

Press  to display next
group.

Press  to display next
group.

Press  to display next
group.

 

Press  to display next
group.

STOP

STOP

STOP

STOP

STOP

STOP

STOP



9-8  Troubleshooting MN764

9.3  Fault Messages

Table 9-1  Fault Messages (Alphabetical by Keypad Text)

Keypad Text Type
Fault 

Number
Description

AC Input High Fault 69 Check AC Input Line Voltage.

ADC Calibr Fault Fault 57 ADC Calibration Voltages Out of Range. Check analog input wiring for noise. If 
problem persists, contact factory for further assistance.

Apply Oil/Lub Alarm 84 Triggered from RTC Module.

Aux Filter Setup Alarm 51 Incorrect setup. Filter Source should be set to "Raw Speed" when destination 
is set to SpeedLoop.

Brake Over Temp Alarm 97 Dynamic brake has overheated, check sizing or increase ohms setting for 
brake.

Brk Desat Fault 65 Dynamic brake de-saturation has occurred. Check that dynamic brake resistor 
is properly connected to R1 and R2.

Bus Transient Fault 95
Transient causing unbalanced bus capacitor voltage; cycle power to reset 
fault. A line surge or bus capacitor failure has resulted in an unbalanced 
voltage condition as determined by a bus voltage monitoring circuit.

Change Filter(s) Alarm 83 Triggered from RTC Module.

Clean Filter(s) Alarm 82 Triggered from RTC Module.

Configuration Fault 2 Some drive feature or option has failed initial startup tests; parameter(s) out of 
range after download of improper parameter file settings.

Control EE Fault 27 Problem reading EEPROM on the control board, contact Baldor for service.

Control EE Fault 29 Problem writing fault log to control board EEPROM, contact Baldor for service.

Control EE Fault 31 Problem writing the header record to the control board EEPROM, contact 
Baldor for service.

Control EE Fault 32 Problem writing a parameter to the control board EEPROM, contact Baldor for 
service.

Conv Over Temp Alarm 98 Converter has overheated, decrease loading; check for proper air flow; check 
for elevated ambient temperature.

Current Ref Fault 15 Reference volt for current readings out of tolerance, contact Baldor for service.

Current Sense Fault 12 Motor current sensor(s) out of tolerance; cycle power to drive; if problem 
persists contact factory.

DC Bus High Fault 19 DC Bus V over 405/810/1000V for 230V/460V/575V units. Check for high input 
line voltage; increase decel rates; check for correct brake resistor on R1/R2.

DC Bus Low Alarm 20
DC Bus V below 220/440/550V for 230V/460V/575V units. Check for low input 
line voltage; increase accel rate; verify B+ to B- voltage; verify proper brake 
resistor.

DC Pk Overvolt Fault 63
Bus peak voltage rating exceeded. Check AC input lines; sizing of dynamic 
brake; insure that input does not have power factor correction capacitors or 
other source of transients.

Desaturation Fault 7
Output current exceeds desaturation limit. Check motor and connections for 
short circuit; verify proper motor load; increase acc/dec; check for conductive 
debris inside drive.

Download Fault 54 Parameter download from keypad or network has failed. Verify parameter set 
compatibility.

Drive Disabled Alarm 66 Motion command given with drive disabled. Check drive enable input.

Drive Enabled Alarm 67 Drive enabled during parameter download. Drive must remain disabled until 
completion of parameter download.

Drive Low Temp Fault 76 Heat sink Temperature is lower than allowed. Space heater may be required in 
cabinet.

Drive Over Tmp Alarm 21 Heatsink temp exceeded 85/950 C. Verify ambient does not exceed 45°C.  
Clean fans and heatsink. Add cabinet cooling if ambient is too high.
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Keypad Text Type
Fault 

Number
Description

Dyn Brake Desat Fault 36
Dynamic braking current limit exceeded. Check for shorted braking resistor 
circuit or for brake resistor with an ohmic value below the allowed limit for the 
drive. Check for a short between R1 or R2 and B-.

Excess Faults/Hr Alarm 79 The allowed number of faults/hour has been exceeded.

External Trip Fault 22 J1-16 is open. Check remote connection on J1-16. Occurs only when external 
fault parameter is turned ON.

Fan Loss Alarm 62 Fan circuit is seeing low current or over current. Verify that fan is not blocked 
and is connected properly.

Flt Log Mem Fail Fault 28 Problem reading fault log from control board EEPROM, contact Baldor for 
service.

Following Error Fault 18 Speed error beyond Set Speed Band parameter. Verify motor is not 
overloaded; increase Set Speed Band.

Ground Fault Fault 8

Ground currents in output of control. Due to shorts to ground or excessive 
leakage current to ground. Disconnect motor, meg motor for insulation leakage 
to ground; check motor leads for shorts to ground; replace motor leads with 
lower capacitance cable or shorten leads if possible; consider the usage of 
load reactor.

High Line Alarm 102 Power grid voltage too high, check power base rating, check input lines.

IGBT Thermal Fault 94 IGBT thermal overload. Check motor loading. Allow time to cool.

Internal Config Fault 35 An internal firmware configuration occurred, contact Baldor for service.

Line Loss Alarm 37 All 3 input phases lost. Check input circuit breaker, fuses or input contacts.

Line Regen Fault 34 This fault code is not used, if it occurs contact Baldor for service.

Line Sag Alarm 64 All 3 phase input lines have sagged below 70% of nominal. Check input line 
quality; check line impedance; check for excessive loading on power system.

Logic Supply Fault 9 Internal logic power supply has dropped below 24V threshold. Replace Power 
Supply.

Low Initial Bus Fault 11
Bus volt below 200/400/500V on 230/460/575V units at power up. Check input 
line voltage; check for proper resistor on R1/R2; check for open circuit on 
TH1-TH2 Terminals.

Low Line Alarm 101 Power grid voltage too low. Check power base rating; check input 
connections; ensure input voltage is within drive specification.

Lower U Gate Fault 40
Transistor #1 failed to fire or misfired. Verify IGBT is not shorted. Verify no 
debris has fallen into drive. Check wiring between drive and motor. Verify 
motor windings are not shorted.

Lower V Gate Fault 42
Transistor #2 failed to fire or misfired. Verify IGBT is not shorted. Verify no 
debris has fallen into drive. Check wiring between drive and motor. Verify 
motor windings are not shorted.

Lower W Gate Fault 44
Transistor #3 failed to fire or misfired. Verify IGBT is not shorted. Verify no 
debris has fallen into drive. Check wiring between drive and motor. Verify 
motor windings are not shorted.

Macro Cmd Failed Fault 93 Macro command execution failure. Verify that macro file is correct.

Macro Cmd Inval Fault 92 Macro command found is invalid. Verify that macro file is correct.

Macro Read Fault 90 Macro record read failed. Recompile file and download to drive again.

Macro Rec Length Fault 91 Macro record length is invalid. Recompile file and download to drive again.

Memory Fault 49 Option card problem, memory failure, contact Baldor for service.

Motor Overload Fault 23 Motor thermal connection at TH1-TH2 open circuit. Motor overheated due to 
excess load; Ohm connections at TH1-TH2.

Motor Overload Fault 80 Motor overloaded. Check motor load. Verify motor rated amps parameter.

Motor Ovrtmp Alarm 61 Motor has overheated. Check motor cooling system or blocked air flow; check 
thermal switch on TH1-TH2 circuit; reduce load on motor.

Network Timeout Fault 48 Forced network fault. Loss of network communications; watchdog timer 
expired; user program timing problems.

Table 9-1  Fault Messages (Continued)
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Keypad Text Type
Fault 

Number
Description

New Base ID Fault 5
Control board detected new or a different power base. Press RESET to 
clear. Factory settings will be restored. Verify all settings and setup custom 
parameters.

No Fault Fault 0 No Fault Exists.

NV memory Fail Fault 30 Problem writing a parameter to the control board EEPROM, contact Baldor for 
service.

Opt1 Protocol Alarm 77
Invalid protocol selected for optional communication card 1. Select a protocol 
supported by the expansion board that is installed or replace board with a 
board that supports the desired protocol.

Opt2 Protocol Alarm 78
Invalid protocol selected for optional communication card 2. Select a protocol 
supported by the expansion board that is installed or replace board with a 
board that supports the desired protocol.

Option Board Fault 50
Option board not recognized or is not supported. Verify proper firmware 
version is being used. Download latest firmware from www.baldor.com and 
install in drive.

Option Not Found Alarm 74
Option Board for the feature requested is not installed. Verify slot location for 
expansion board to support desired feature; install appropriate option board 
for requested feature.

Over Current Fault 6
Motor current exceeded peak limit. Check motor connections and motor 
load; increase acc/dec times; verify correct motor data settings; verify proper 
tuning.

Over Speed Fault 59
Rotor speed over 110% maximum speed limit. Verify proper drive tuning; 
ensure drive is not being overhauled by excessive high-speed regenerative 
load.

Overload - 1 Min Fault 16 Motor current exceeded 150% for 1 minute. Check motor load. Extend acc/
dec times. Verify proper motor data and drive tuning.

Overload - 3 Sec Fault 17

Motor current exceeded 175% for 3 seconds. Check motor load and resize 
motor and drive as needed. Extend acc/dec times. Verify proper motor 
data and drive tuning. Change setting of "Overload" parameter (P2206) to 
"Foldback" to allow current to automatically limit to a lower level prior to the 3 
second time limit.

Param Checksum Fault 4 Cycle power. If no change, load Factory Settings.

Parameter Fault 55 Parameters momentarily locked. Wait 30 seconds, try again.

PB Power Supply Alarm 68 Power Base Logic Power Supply below acceptable operating levels.

PCB Over Temp Alarm 96 Powerbase signal interface PCB board is over heating, reduce loading or 
contact Baldor for service.

PF Setup Alarm 73 Pulse Follower Option Board Setup. Check Master PPR, Receive, Transmit 
Ratio and Input Type.

Ph1 (L1) Loss Alarm 109 Loss of phase 1 (L1), check power grid or wiring connections.

Ph1 Pulse Fault 45 Phase 1 current limiting via pulse by pulse method; check motor spiking loads, 
chattering contacts, loose connections.

Ph2 (L2) Loss Alarm 110 Loss of phase 2 (L2), check power grid or wiring connections.

Ph2 Pulse Fault 46 Phase 2 current limiting via pulse by pulse method; check motor spiking loads, 
chattering contacts, loose connections.

Ph3 (L3) Loss Alarm 111 Loss of phase 3 (L3), check power grid or wiring connections.

Ph3 Pulse Fault 47 Phase 3 current limiting via pulse by pulse method; check motor spiking loads, 
chattering contacts, loose connections.

Phase Loss Alarm 38 Single input phase lost. Check input circuit breaker, fuses or input contacts. 
Excessive line notching occurring.

PLC Mode Trip Fault 81 PLC Mode Trip. PLC action has generated this trip. Check input defined in 
PLC mode for fault trip. Check PLC program logic.

Power Base Fault 10
Should occur in conjunction with other faults to indicate that fault was 
generated by the power base circuitry. This is useful in trouble-shooting to 
understand that the fault was detected by the power base electronics.

Table 9-1  Fault Messages (Continued)
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Keypad Text Type
Fault 

Number
Description

Powerbase EE Fault 26 Communication error between control board and power base memory. Cycle 
power. If problem persists, contact factory for assistance.

Powerbase FPGA Fault 52 Power base communication loss or incompatible firmware. Cycle power. If 
problem persists, contact factory.

Pre-charge Fault Fault 60
Dynamic Brake miswired; AC Input too low; input impedance too high (soft 
line); Bus Caps shorted or Input Single Phasing. Check motor thermal lead 
connections to TH1-TH2.

Reac Over Temp Alarm 99
Reactor has overheated, decrease loading; decrease wire length; verify drive 
ambient temperature is less than 45°C; verify proper air flow and system 
cooling capability.

Regen R or PWR Fault 25 Brake resistor power rating exceeded. Check resistor ratings; extend decel 
times; increase size of braking kit.

RTC Alarm Alarm 89 Triggered from RTC Module.

SCR1 No Fire Alarm 103 Phase loss due to SCR1 (L1 upper) not firing. Verify SCR gate leads properly 
connected.

SCR2 No Fire Alarm 104 Phase loss due to SCR2 (L1 lower) not firing. Verify SCR gate leads properly 
connected.

SCR3 No Fire Alarm 105 Phase loss due to SCR3 (L2 upper) not firing. Verify SCR gate leads properly 
connected.

SCR4 No Fire Alarm 106 Phase loss due to SCR4 (L2 lower) not firing. Verify SCR gate leads properly 
connected.

SCR5 No Fire Alarm 107 Phase loss due to SCR5 (L3 upper) not firing. Verify SCR gate leads properly 
connected.

SCR6 No Fire Alarm 108 Phase loss due to SCR6 (L3 lower) not firing. Verify SCR gate leads properly 
connected.

Sense 1 TA Alarm 100

Temperature of converter bridge detected by power interface board is too 
low or too high. Verify drive ambient temperature is between -10°C and 45°C. 
Verify proper air flow and system cooling capability. Verify proper termination 
of temperature sensors within drive.

Ser Coolant Sys Alarm 87 Triggered from RTC Module.

Ser Heating Sys Alarm 88 Triggered from RTC Module.

Service Drive Alarm 86 Triggered from RTC Module.

Service Motor Alarm 85 Triggered from RTC Module.

Soft Version Fault 33 This fault code is not used. If it occurs, contact Baldor for service.

SPI Timeout Fault 3
Comms Error between control board and power board. Remove power from 
drive, verify proper grounding and bonding techniques. Re-apply power. If 
persists, contact Baldor.

Torque Proving Fault 24 Failed to read current in all 3 motor phases. Check motor connections or open 
motor contacts.

U Fiber COM Fault 113
Detects a broken or unplugged fiber (F or F1) between the signal interface 
board and the master gate drive board for the U-Phase. If the signal is off for 
more than 5 mS, the fault will occur.

Unknown Fault 1 This fault should not occur. Contact Baldor for service.

Upper U Gate Fault 39
Transistor #1 failed to fire or misfired. Verify IGBT is not shorted. Verify no 
debris has fallen into drive. Check wiring between drive and motor. Verify 
motor windings are not shorted.

Upper V Gate Fault 41
Transistor #2 failed to fire or misfired. Verify IGBT is not shorted. Verify no 
debris has fallen into drive. Check wiring between drive and motor. Verify 
motor windings are not shorted.

Upper W Gate Fault 43
Transistor #3 failed to fire or misfired. Verify IGBT is not shorted. Verify no 
debris has fallen into drive. Check wiring between drive and motor. Verify 
motor windings are not shorted.

Table 9-1  Fault Messages (Continued)
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Keypad Text Type
Fault 

Number
Description

User 24V Fault 14

User 24V supply out of tolerance. Measure 24V supply using a digital multi-
meter at terminals J1-23 and J1-24. If voltage is not correct, remove all 
external control connections and repeat measurement to determine if problem 
is with external connections or with the power supply.

User Ref Fault 13
User analog input reference out of tolerance. Check connections for proper 
shielding and grounding; check for excessive noise on analog signals. If 
problem persists, contact Baldor for service.

V Fiber COM Fault 115
Detects a broken or uplugged fiber (F or F1) between the signal interface 
board and the master gate drive board for the V-Phase. If the signal is off for 
more than 5 mS, the fault will occur.

W Fiber COM Fault 117
Detects a broken or uplugged fiber (F or F1) between the signal interface 
board and the master gate drive board for the W-Phase. If the signal is off for 
more than 5 mS, the fault will occur.

Table 9-1  Fault Messages (Continued)
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9.4  Electrical Noise Considerations

All electronic devices are vulnerable to significant electronic interference signals (commonly called “Electrical Noise”). At the 
lowest level, noise can cause intermittent operating errors or faults. From a circuit standpoint, 5 or 10 millivolts of noise may 
cause detrimental operation. For example, analog speed and torque inputs are often scaled at 5 to 10VDC maximum with a 
typical resolution of one part in 1,000. Thus, noise of only 5 mV represents a substantial error. 
At the extreme level, significant noise can cause damage to the drive. Therefore, it is advisable to prevent noise generation 
and to follow wiring practices that prevent noise generated by other devices from reaching sensitive circuits. In a control, 
such circuits include inputs for speed, torque, control logic, and speed and position feedback, plus outputs to some 
indicators and computers. 

Relay and Contactor Coils 
Among the most common sources of noise are the coils of contactors and relays. When these highly inductive coil circuits 
are opened, transient conditions often generate spikes of several hundred volts in the control circuit. These spikes can 
induce several volts of noise in an adjacent wire that runs parallel to a control-circuit wire. Figure 9-1 illustrates noise 
suppression for AC and DC relay coils. 

Figure 9-1  AC and DC Coil Noise Suppression
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Wires between Controls and Motors 
Output leads from a typical 460VAC drive controller contain rapid voltage rises created by power semiconductors switching 
650V in less than a microsecond, 1,000 to 16,000 times a second. These noise signals can couple into sensitive drive 
circuits. If shielded pair cable is used, the coupling is reduced by nearly 90%, compared to unshielded cable. Even input AC 
power lines contain noise and can induce noise in adjacent wires. In some cases, line reactors may be required. To prevent 
induced transient noise in signal wires, all motor leads and AC power lines should be contained in rigid metal conduit, or 
flexible conduit. Do not place line conductors and load conductors in same conduit. Use one conduit for 3 phase input wires 
and another conduit for the motor leads. The conduits should be grounded to form a shield to contain the electrical noise 
within the conduit path. Signal wires, even ones in shielded cable,  should never be placed in the conduit with motor power 
wires. 

Special Drive Situations 
For severe noise situations, it may be necessary to reduce transient voltages in the wires to the motor by adding load 
reactors. Load reactors are installed between the control and motor. Line and Load Reactors are typically 3% reactance and 
are designed for the frequencies encountered in PWM drives. For maximum benefit, the reactors should be mounted in the 
drive enclosure with short leads between the control and the reactors.

Control Enclosures 
Motor controls mounted in a grounded enclosure should also be connected to earth ground with a separate conductor to 
ensure best ground connection. Often grounding the control to the grounded metallic enclosure is not sufficient. Usually 
painted surfaces and seals prevent solid metallic contact between the control and the panel enclosure. Likewise, conduit 
should never be used as a ground conductor for motor power wires or signal conductors. 

Special Motor Considerations 
Motor frames must also be grounded. As with control enclosures, motors must be grounded directly to the control and 
plant ground with as short a ground wire as possible. Capacitive coupling within the motor windings produces transient 
voltages between the motor frame and ground. The severity of these voltages increases with the length of the ground wire. 
Installations with the motor and control mounted on a common frame, and with heavy ground wires less than 10 ft. (3m) 
long, rarely have a problem caused by these motor-generated transient voltages. 

Analog Signal Wires 
Analog signals generally originate from speed and torque controls, plus DC tachometers and process controllers. Reliability 
is often improved by the following noise reduction techniques: 

Use twisted-pair shielded wires with the shield grounded at the drive end only. 
Route analog signal wires away from power or control wires (all other wiring types). 
Cross power and control wires at right angles (90°) to minimize inductive noise coupling.



9-14  Troubleshooting MN764



  PLC Mode Description   10-1MN764

Chapter 10
PLC Mode Description  

10.1  Overview

PLC functionality is selected by setting Level 1, Input Setup block, Operating Mode parameter P1401 to PLC. PLC mode 
allows 2-Wire and 3-Wire operating modes to be created using a selection of conditions, logical operators and desired 
actions. PLC Mode parameters are located in Level 3, PLC block parameters P3401 through P3443. 
Simply stated, for each logical statement choose two input conditions from Table 10-1, one logical operation from Table 
10-2 and one action from Table 10-3. These 30 logical statements are evaluated every 10 milliseconds, in order from P3401 
to 3430. For each statement Condition 1 and Condition 2 are evaluated to True or False, the Logical Operator is applied 
and the final outcome is either True or False. If True the Action is taken; if False the Alternate Action is taken. Conditions, 
operators and actions are pre-defined and so cannot be changed.

10.2  Configuration Parameters

The PLC program is contained within 30 statements, PLC CONFIG 1 (P3401) through PLC CONFIG 30 (P3430). Each 
statement has the same 32 bit word format and structure as the example given in Figure 10-1. If P3401-P3430 are not 
programmed, the PLC Mode will do nothing. It is also possible to program them so that the motor will not move. This can 
happen, for instance, if no Forward/Reverse Enables are programmed.

Figure 10-1  Example PLC Configuration Parameters

           Parameter Number Format = DDD.CCC.BBB.AAA            Example:  P3401 = 051.000.000.020 

                 Where:                      
                   DDD = bits 31-24 Byte 3                                                                051 = Digital Input 2 (from Table 10-1)                      
                   CCC = bits 23-16 Byte 2                                                                 000 = OR (from Table 10-2)        
                   BBB = bits 15-8 Byte 1                                                                   000 = False (from Table 10-1)                                    
                   AAA = bits 7-0 Byte 0                                                                     020 = Forward (from Table 10-3) 

  Parameter No.       Hex Byte 3                     Hex Byte 2          Hex Byte 1         Hex Byte 0

   P3401 - 3430               Condition ID                Logical Operator ID         Condition ID                 Action ID
                                             MSD                                                  LSD
                                        (Table 10-1)                     (Table 10-2)                 (Table 10-1)               (Table 10-3)

A configuration parameter may be disabled (turned off) by setting bit 23 in its configuration word. This is the same as 
setting the most significant bit of byte 2 (the logical operator ID field). If any field within any of these parameters is invalid, 
it is ignored at run time. Only one runtime version exists at a time. The runtime version in effect is the one defined by the 
parameter table active at the time the drive was placed in Remote Mode. 
To switch runtime PLC versions perform the following operations:
1. Disable the drive. 
2. At the keypad, select “Local” mode. 
3. Select the desired parameter table. 
4. Enable the drive. 
5. At the keypad, select “Remote” mode.
If a parameter table is switched while the drive is enabled the run time PLC version is not affected.

10.3  Comparator Function

Comparator parameters provide a way to monitor real-time signals within the drive and apply them to the PLC Mode’s logic.
They may be used on the condition definition side of the PLC Mode’s logic. Parameters P3431 and P3433 hold parameter 
numbers (i.e. they point to other parameters, see Monitor and RTC chapter in this manual for these values). P3432 and 
P3434 hold percents that are applied against P3431 and P3433 maximums, together they provide all that is needed for the 
following comparison equations: 
If |Value of P3431| ≤ (P3432/100)*(Max of P3431) then True  or
If |Value of P3433| ≤ (P3434/100)*(Max of P3433) then True

In a sense P3431 and P3433 may be viewed as holding addresses for other parameters. 
For example: If P3431 = 5 (selects parameter 5 which is Motor Volts = 230V) and P3432=20% then Comparator A is true if 
|P5| = (20/100)*230 ≤ 46V. But if the voltage exceeds 46V, Comparator A is false. 
If P3433 = 6 (selects parameter 6 Motor Current = 10 Amps) then Comparator B is true if |P6| ≤ 1 Amp. Any parameter (see 
Monitor and RTC chapter in this manual for these values) can be used in a comparator.
Note:  Don’t use P3431 and P3433 since this would create a circular reference and the comparator would fail.
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A and B are defined as follows:
A = (Value of Parameter P3431) / (Max of Parameter P3431)
B = (Value of Parameter P3433) / (Max of Parameter P3433)
Then, A & B are signals with the following properties: -1≤ A ≤1 and -1≤ B ≤1. 
A and B are normalized signals derived from parameters pointed to by P3431 and P3433. 

Comparator A 
Comparator A is used in Condition 76 and checks the following relationship for true or false:
If | A - P3435/100 | ≤ P3432/100
Alternatively, another way of writing the same relation is as follows:
If (P3435 - P3432)/100 ≤ A ≤ (P3432 + P3435)/100
Thus, Comparator A provides a way to determine if a parameter is within a specific range. For example, if P3431=5 (Motor 
Volts with Max=230V) and P3432=20% and P3435=0% then Comparator A would be true so long as |P5| ≤ 46V or |A| ≤ 0.20. 
That is, motor voltage is monitored and so long as it remains below 46 Volts, the outcome of Comparator A would be True, 
but if it were to go above 46 Volts, the output of Comparator A would be False.

Comparator B 
Comparator B is used in Condition 77 and checks the following relationship for true or false: 
If | B - P3436/100 | ≤ P3434/100
Alternatively, another way of writing the same relation is as follows: 
If (P3436 - P3434)/100 ≤ B ≤ (P3436 + P3434)/100 
Thus, Comparator B provides a way to determine if a parameter is within a specific range. For example, if P3433=6 (Motor 
Current with Max=10Amps) and P3434=10% and P3436=50% then Comparator B would be true so long as: 4 Amps ≤ P6 
≤ 6 Amps  OR   0.4 ≤ B ≤ 0.60. That is, motor current is monitored and so long as it remains within 1 Amp of 5 Amps the 
outcome of Comparator B would be True, but if it were to go above 6 Amps or below 4 Amps the output of Comparator B 
would be False. 

Less than 
Less than, Condition 88, uses the following equation: If A<B then True else False For example, if P3431=103 (Analog Input 1 
Reference with Max=100%) and P3433=104 (Analog Input 2 Reference with Max=100%) then Condition 88 would be true so 
long as P103<P104 or so long as Analog Input 1 Reference is less than Analog Input 2 Reference. 

Equal 
Equal, Condition 89, uses the following equation: If A=B then True else False For example, if P3431=103 (Analog Input 1 
Reference with Max=100%) and P3433=104 (Analog Input 2 Reference with Max=100%) then Condition 89 would be true so 
long as P103=P104 or so long as Analog Input 1 Reference is equal to Analog Input 2 Reference. 

Greater than 
Greater than, Condition 90, uses the following equation: If A>B then True else False For example, if P3431=103 (Analog 
Input 1 Reference with Max=100%) and P3433=104 (Analog Input 2 Reference with Max=100%) then 
Condition 90 would be true so long as P103>P104 or so long as Analog Input 1 Reference is greater than Analog Input 2 
Reference. 

10.4  Timers

The PLC Mode uses four general purpose timers: Timer A (P3440), B (P3441), C (P3442) and D (P3443) with units of 
seconds and resolution of 10ms or 100 counts/sec. They may be used in PLC control and logic statements as defined in 
the Conditions and Actions Tables. In general there are actions to start and stop the timers as well as conditions to test their 
contents.
P113, P114, P117 and P118 are read/write monitor parameters that reflect the current state of timers A through D. Since 
they may be written, they can be used to start a timer by writing zero to it or to stop a timer by writing max counts.
For example, set P3440 to 1.5 sec then upon Timer A timeout,
P113 = 150 counts = (1.5 sec) x (100 counts/sec)
Starting timer A also starts P113 ramping from 0 to 150 in 1.5 seconds.
Set P3441 to 10 seconds and start Timer B, P114 then ramps from 0 to 1000 in 10 sec.
These monitor parameters may also be inputs to the Composite Reference block to generate timed ramps or other complex 
reference signals.
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Table 10-1  PLC Conditions

ID Description

0 False - This condition is always False 

1 True - This condition is always True 

2 Reserved (Workbench - Digital Input) 

3 Reserved (Workbench - Hard Forward Limit) 

4 Reserved (Workbench - Hard Reverse Limit) 

5 Reserved (Workbench - Soft Forward Limit) 

6 Reserved (Workbench - Soft Reverse Limit) 

7 Reserved (Workbench - Move Statue) 

8 Reserved (Workbench - Idle) 

9 Reserved (Workbench - Position achieved) 

10 Reserved (Workbench - At target position) 

11 Reserved (Workbench - In Idle Position Window) 

12 Reserved (Workbench - Following Error Fatal) 

13 Reserved (Workbench - Following Error Warning) 

14 At Speed - If the measured speed of the rotor is within the At Speed Band (P1506) of the reference then this 
condition is True. 

15 Reserved - (Workbench - Velocity Error) 

16 Velocity Setpoint Minimum - If the measured absolute speed is below the Minimum Output Speed (P2002) then this 
condition is True. 

17 Velocity Setpoint Maximum- If the measured absolute speed is above the Maximum Output Speed (P2003) then this 
is True. 

18 Reserved 

19 Motor Overload - If the motor's I2T algorithm has exceeded its integral limit this condition is True. 

20 Drive Overload - If the drive's I2T algorithm has exceeded its integral limit this condition is True. 

21 Motor Direction - If rotor speed is positive this condition is True. 

22 Command Direction - If speed demand is positive this condition is True. 

23 Ready - If soft start is complete, drive hardware enable is on and there are no errors this condition is True. 

24 Drive On - If the drive is ready and producing PWM to the motor this condition is True. 

25 Fault - If the drive is faulted for any reason this condition is True. 

26 Motor Over Temp Trip - If the motor's over temperature trip input has occurred then this condition is True. 

27 Drive Over Temp Trip - If the drive's over temperature trip input has occurred then this condition is True. 

28 Drive Over Temp Warning - If the drive's temperature has exceeded that defined for the drive then this condition is 
True. 

29 Reserved (Workbench - home status) 

50 Digital Input 1 (J2-9) - If digital input 1 is high this condition is true. (Level sensitive) 

51 Digital Input 2 (J2-10) - If digital input 2 is high this condition is true. (Level sensitive) 

52 Digital Input 3 (J2-11) - If digital input 3 is high this condition is true. (Level sensitive) 

53 Digital Input 4 (J2-12) - If digital input 4 is high this condition is true. (Level sensitive) 

54 Digital Input 5 (J2-13) - If digital input 5 is high this condition is true. (Level sensitive) 

55 Digital Input 6 (J2-14) - If digital input 6 is high this condition is true. (Level sensitive) 

56 Digital Input 7 (J2-15) - If digital input 7 is high this condition is true. (Level sensitive) 

57 Digital Input 8 (J2-16) - If digital input 8 is high this condition is true. (Level sensitive). When J2-16 is used in PLC 
Program, Set P2201=OFF to avoid an external trip condition.

58 Drive Run - If the drive is on and has a forward or reverse command this condition is True. 

59 Stop - If motion status is stopped this condition is True. 

60 Jog - If jog mode is active this condition is True. 
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ID Description

61 Accelerating - If absolute speed demand is accelerating this condition is True. 

62 Constant Speed - If absolute speed demand is constant this condition is True. 

63 Decelerating - If absolute speed demand is decelerating this condition is True. 

64 At Zero Speed - If absolute speed demand is below the Zero Speed Set Point (P1505) this condition is True. 

65 At Set Speed - If absolute speed demand is above Set Speed Point (P1507) this condition is True. 

66 Motor Over Current - If motor RMS current is above the Overload Set Point (P1508) this condition is True. 

67 Motor Under Current - If motor RMS current is below the Underload Set Point (P1509) this condition is True. 

68 Keypad Control - If the drive is under keypad control this condition is True. 

69 Dynamic Brake - If the drive's dynamic brake is on this condition is True. 

70 Frequency Foldback - If the drive is in frequency foldback this condition is True. 

71 Alarm - If an alarm is active this condition is True. 

72 Forward - If the drive has a forward command this condition is True. 

73 Reverse - If the drive has a reverse command this condition is True. 

74 Process PID Error - If the absolute value of Process PID Error is less than the Process PID Error Tolerance (P2606) 
this condition is True. 

75 Sleep Mode - If the drive's sleep algorithm has put the drive to sleep this condition is True. 

76 Comparator A - Monitors a parameter and returns True if the parameter is less than a predefined setpoint. 
NOTE:  See chapter on PLC Comparator Parameters.

77 Comparator B - Monitors a parameter and returns True if the parameter is below a predefined setpoint. 
NOTE:  See chapter on PLC Comparator Parameters.

78 Parameter Table 1 - If parameter table 1 is active then this condition is True. 

79 Parameter Table 2 - If parameter table 2 is active then this condition is True. 

80 Parameter Table 3 - If parameter table 3 is active then this condition is True. 

81 Parameter Table 4 - If parameter table 4 is active then this condition is True. 

82 Digital Output 1- If digital output 1 is On this condition is True. 

83 Digital Output 2- If digital output 2 is On this condition is True. 

84 Relay Output 1 - If relay output 1 is On this condition is True. 

85 Relay Output 2 - If relay output 2 is On this condition is True. 

86 Timer A - True if Timer A has expired. 

87 Timer B - True if Timer B has expired. 

88 Less Than (<) - Monitors two parameters (A & B) and returns True if  A<B else False is returned. 

89 Equal (=) - Monitors two parameters (A & B) and returns True if A=B else False is returned. 

90 Greater Than (>) - Monitors two parameters (A & B) and returns True if  A>B else False is returned. 

91 Timer C - True if Timer C has expired else it is False.

92 Timer D - True if TImer D has expired else it is False.

100 Logical Variable A - Logical variable A is tested for True/False 

101 Logical Variable B - Logical variable B is tested for True/False 

102 Logical Variable C - Logical variable C is tested for True/False 

103 Logical Variable D - Logical variable D is tested for True/False 

104 Logical Variable E - Logical variable E is tested for True/False 

105 Logical Variable F - Logical variable F is tested for True/False 

106 Logical Variable G - Logical variable G is tested for True/False 

107 Logical Variable H - Logical variable H is tested for True/False 

108 Logical Variable I – Logical variable I is tested for True/False

109 Logical Variable J - Logical variable J is tested for True/False 

150 Heater - If the trickle current heater is running then this condition is True else it is False. 

Table 10-1  PLC Conditions Continued
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Table 10-2  PLC Logical Operators

ID Description

0 OR - Performs logical OR operation on input conditions

1 AND - Performs logical AND operation on input conditions

2 XOR - Performs logical XOR operation on input conditions 

3 NOR - Performs logical NOR operation on input conditions

4 NAND - Performs logical NAND operation on input conditions 

Table 10-3  PLC Actions

ID Description

0 Digital Output 1 - If the input condition is True then Digital Output 1 (J2-17,18) will be active otherwise it is inactive. 
NOTE:  Digital output 1 must have been set to “PLC” using P1501 

1 Digital Output 2 - If the input condition is True then Digital Output 2 (J2-19,20) will be active otherwise it is inactive. 
NOTE:  Digital output 2 must have been set to “PLC” using P1502 

2 Relay Output 1 - If the input condition is True then Relay Output 1 (J3-25,26,27) will be active otherwise it is inactive. 
NOTE:  Relay output 1 must have been set to “PLC” using P1503 

3 Reserved (Workbench - Fault) 

4 
Drive Enable/Disable - If the condition is True then the drive is capable of producing power. If the condition is False 
the drive is disabled. NOTE:  If not programmed, J2-8 alone enables the drive. NOTE:  The drive's hardware enable 
input (J2-8) must be is active for this action. 

5 Jog Reverse - If the condition is True then the motor will jog in the reverse direction at the speed set by P1201 if 
jogging is enabled. NOTE:  If both jog forward and reverse are active the motor stops 

6 Jog Forward - If the condition is True then the motor will jog in the forward direction at the speed set by P1201 if 
jogging is enabled. NOTE:  If both jog forward and reverse are active the motor stops 

7 Reserved (Workbench - Hold) 

8 Stop Enable/Disable - If the input condition is True the motor is stopped. 

9 Reserved (Workbench - Error Deceleration) 

10 Reserved (Workbench - Cancel) 

11 Reserved (Workbench - Disable) 

12 Reserved (Workbench - Forced Abort) 

13 Reserved (Workbench - Fast Gear) 

18 Jog Enable - Allows jogging if True else jogging is disabled. 

19 Fault - If the input condition is True a “PLC Fault” is triggered. If using J2-16 to generate a PLC Fault Condition, 
P2201 must be set to “OFF” to avoid a conflict with external trip.

20 Forward Enable/Disable - If the input condition is True forward motion is enabled otherwise it is disabled. 

21 Reverse Enable/Disable - If the input condition is True reverse motion is enabled otherwise it is disabled. 

22 Acc/Dec Group Select - If the input condition is True then Acc/Dec group 2 is selected otherwise group 1 is 
selected. NOTE:  If this action is not programmed Group 1 is active by default. 

23 Reset - If the input condition is True a reset request is issued. NOTE:  This action is edge triggered on a False to True 
transition. NOTE:  Pre-existing faults/alarms may or may not be cleared. 

24 

Preset Speed/Analog - If the input condition is True then the Preset Speed Select Table Index sets the speed 
reference from the Preset Speeds (P1001-P1015) else the Command Source (P1402) selects the speed reference. 
NOTE:  If this action is not programmed P1402 is always active. NOTE: If the Preset Speed Select Table Index is not 
programmed then P1001 is used. 

25 Preset Speed Select Table Index Bit 0  - If the input condition is True then bit 0 of the Preset Speed Select Table 
Index is set else it is reset. NOTE:  If this action is not programmed then bit 0 is reset. 

26 Preset Speed Select Table Index Bit 1 - If the input condition is True then bit 1 of the Preset Speed Select Table 
Index is set else it is reset. NOTE:  If this action is not programmed then bit 1 is reset. 

27 Preset Speed Select Table Index Bit 2 - If the input condition is True then bit 2 of the Preset Speed Select Table 
Index is set else it is reset. NOTE: If this action is not programmed then bit 2 is reset. 
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ID Description

28 Preset Speed Select Table Index Bit 3 - If the input condition is True then bit 3 of the Preset Speed Select Table 
Index is set else it is reset. NOTE:  If this action is not programmed then bit 3 is reset. 

29 Process PID Enable/Disable - If the input condition is True then the Process PID is active otherwise it is inactive. 
NOTE:  The Process PID is automatically set to inactive during keypad control or while jogging.

30 Keypad - If the input condition is True then forward/reverse and stop commands along with the keypad's local 
speed reference control the drive. The keypad is disabled by default.

31 Electronic Pot - If the input condition is True the Electronic Pot sets the speed reference otherwise it is not active. 
The pot is disabled by default. 

32 
Decrease Electronic Pot Speed Reference - If the input condition is True the Electronic Pot speed reference is 
increased else has no affect. NOTE:  E-Pot is non-volatile. NOTE:  E-Pot is unipolar so direction is determined by 
forward/reverse commands. 

33 
Increase Electronic Pot Speed Reference - If the input condition is True the Electronic Pot speed reference is 
decreased else has no affect. NOTE:  E-Pot is non-volatile. NOTE:  E-Pot is unipolar so direction is determined by 
forward/reverse commands. 

34 Parameter Table Select Enable - If the input condition is True enables parameter table selection through the 
parameter table select index, else parameter table selection is disabled. 

35 
Parameter Table Select Index Bit 0 - If the input condition is True then bit 0 of the Parameter Table Select Index 
is set else it is reset. NOTE:  If this action is not programmed then bit 0 is reset. NOTE:  This index sets the active 
parameter table. 

36 
Parameter Table Select Index Bit 1 - If the input condition is True then bit 1 of the Parameter Table Select Index 
is set else it is reset. NOTE:  If this action is not programmed then bit 1 is reset. NOTE:  This index sets the active 
parameter table. 

37 Relay Output 2 - If the input condition is True then Relay Output 2 (J3-28,29,30) will be active otherwise it is inactive. 
NOTE:  Relay Output 2 must have been set to “PLC” using P1504. 

38 Torque/Speed Mode - If the input condition is True then the drive controls torque else it controls speed. Default is 
speed control. NOTE:  For V/F, torque control is not supported and is ignored. 

39 Seed E-Pot - If the condition is true, the current speed reference is seeded into the E-Pot speed reference. 
Otherwise, it is not seeded. NOTE:  E-Pot must not be the active speed reference for seeding to occur. 

40 Logical Variable A - If the input condition is True then logical variable A is set else reset. 

41 Logical Variable B - If the input condition is True then logical variable B is set else reset. 

42 Logical Variable C - If the input condition is True then logical variable C is set else reset. 

43 Logical Variable D - If the input condition is True then logical variable D is set else reset. 

44 Logical Variable E - If the input condition is True then logical variable E is set else reset. 

45 Logical Variable F - If the input condition is True then logical variable F is set else reset.

46 Logical Variable G - If the input condition is True then logical variable G is set else reset.

47 Logical Variable H - If the input condition is True then logical variable H is set else reset. 

48 Logical Variable I - If the input condition is True then logical variable I is set else reset. 

49 Logical Variable J - If the input condition is True then logical variable J is set else reset. 

50 Start Timer A - If the input condition is True zero Timer A else count up to a timeout. 

51 Stop Timer A - If the input condition is True, set Timer A= P3440 counts else do nothing. 

52 Start Timer B - If the input condition is True, set Timer B= 0 else count up to a timeout. 

53 Stop Timer B - If the input condition is True, set Timer B= P3441 counts else do nothing. 

54 Start Timer C - If the input condition is True, set Timer C= 0 else count up to a timeout. 

55 Stop Timer C - If the input condition is True, set Timer C= P3442 counts else do nothing. 

56 Start Timer D - If the input condition is True, set Timer D= 0 else count up to a timeout. 

57 Stop Timer C - If the input condition is True, set Timer D= P3443 counts else do nothing. 

58 Pulse Start Timer A – If the input condition is True and timer A has expired then restarts timer A.

59 Pulse Start Timer B – If the input condition is True and timer B has expired then restarts timer B.

60 Pulse Start Timer C – If the input condition is True and timer C has expired then restarts timer C.

61 Pulse Start Timer D – If the input condition is True and timer D has expired then restarts timer D.

Table 10-3  PLC Actions Continued



  PLC Mode Description   10-7MN764

ID Description

69 Reset PLC – If the input condition is True then a PLC reset is performed. All timers are expired and all logical 
variables are set to FALSE. Comparators are not affected.

70-
99

Jump 0-29 – If the input condition is True then a jump from the current rung number to the specified rung number 
is performed. Skipped rungs are not executed. Only forward jumps are allowed. Jumps from high to lower rungs or 
jumps to the same rung number result in an error.

150 Heater - If the input condition is true then trickle current heating is enabled else it is disabled.

Table 10-4  Preset Speed Select Index

ID of PLC Actions
Description

28 27 26 25

0 0 0 0 Preset Speed 1 (P1001) Selected

0 0 0 1 Preset Speed 2 (P1002) Selected

0 0 1 0 Preset Speed 3 (P1003) Selected

0 0 1 1 Preset Speed 4 (P1004) Selected

0 1 0 0 Preset Speed 5 (P1005) Selected

0 1 0 1 Preset Speed 6 (P1006) Selected

0 1 1 0 Preset Speed 7 (P1007) Selected

0 1 1 1 Preset Speed 8 (P1008) Selected

1 0 0 0 Preset Speed 9 (P1009) Selected

1 0 0 1 Preset Speed 10 (P1010) Selected

1 0 1 0 Preset Speed 11 (P1011) Selected

1 0 1 1 Preset Speed 12 (P1012) Selected

1 1 0 0 Preset Speed 13 (P1013) Selected

1 1 0 1 Preset Speed 14 (P1014) Selected

1 1 1 0 Preset Speed 15 (P1015) Selected

1 1 1 1 Zero Speed (Not Defined) Selected

Table 10-5  Parameter Table Select Index

ID of PLC Actions
Description

36 35

0 0 Parameter Table 1 (P52 set to T1) Selected

0 1 Parameter Table 2 (P52 set to T2) Selected

1 0 Parameter Table 3 (P52 set to T3) Selected

1 1 Parameter Table 4 (P52 set to T4) Selected

Table 10-3  PLC Actions Continued
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10.5  PLC Mode as Standard Run 2-Wire Mode

This example shows how the PLC Mode may operate as the Standard Run 2-Wire Mode.  
These parameter values are entered from the keypad.

Initialization:

Parameter Value Comment

P1401 PLC PLC operating mode selected 

PLC Mode configuration parameters:

Parameter 
Number

Parameter Dec 
Value

Byte 3 Condition Byte 2 Logic Byte 1 Condition Byte 0 Action

P3401 050.000.000.020 Input 1 (50) OR (0) False (0) Forward (20) 

P3402 051.000.000.021 Input 2 (51) OR (0) False (0) Reverse (21) 

P3403 052.000.053.018 Input 3 (52) OR (0) Input 4 (53) Jog Enable (18) 

P3404 052.000.000.006 Input 3 (52) OR (0) False (0) Jog Forward (6) 

P3405 053.000.000.005 Input 4 (53) OR (0) False (0) Jog Reverse (5) 

P3406 054.000.000.022 Input 5 (54) OR (0) False (0) Acc/Dec Group (22) 

P3407 055.000.000.024 Input 6 (55) OR (0) False (0) Presets/Analog (24) 

P3408 056.000.000.023 Input 7 (56) OR (0) False (0) Reset (23) 

P3409 057.003.000.019 Input 8 (57) NOR (3) False (0) Fault (19) 

User Analog Return
Analog Input 1
Analog Ref. Power +

1
2
3
4
5
6
7

J1

Analog Input 2+
Analog Input 2-
Analog Output 1
Analog Output 2

 
 

 

Enable

J2

Digital Output 1 + (Collector) 
Digital Output 1 - (Emitter)
Digital Output 2 + (Collector)
Digital Output 2 - (Emitter)

Enable
Forward Run
Reverse Run
Jog Forward
Jog Reverse

Accel/Decel Select
Preset Speed 1

Fault

 

Fault Reset

Digital Input 1
Digital Input 2
Digital Input 3
Digital Input 4
Digital Input 5
Digital Input 6
Digital Input 7
Digital Input 8

8

17

9
10
11
12
13
14
15
16

18
19
20

*

*Note:  Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

10K Pot or 
0 - 10 VDC

    See Figure 5-4 for 
connection information.

See recommended tightening torques in Table A-2.

The Parameter Dec Value column can be used when entering the PLC configuration parameters at the keypad (parameters 
are shown as decimal long values - byte3.byte2.byte1.byte0). 
For this mode Enable is active.
Note that Preset Speed 1 is active so the Preset Speed Select Table Index need not be programmed since it automatically 
follows action 24 (Presets/Analog)
Jog is enabled anytime input 3 or 4 is on while these same inputs set the direction for jog.
The Fault action is programmed to trigger whenever digital input 8 goes low.
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10.6  PLC Mode as 15 Preset Speed Mode

This example shows how the PLC Mode creates the 15 Preset Speed Mode.

Initialization:

Parameter Value Comment

P1401 PLC PLC operating mode selected 

PLC Mode configuration parameters:

Parameter 
Number

Parameter Dec 
Value

Byte 3 Condition Byte 2 Logic Byte 1 Condition Byte 0 Action

P3401 050.000.000.020 Input 1 (50) OR (0) False (0) Forward (20) 

P3402 051.000.000.024 Input 2 (51) OR (0) False (0) Reverse (21) 

P3403 001.000.000.035 True (1) OR (0) False (0) Presets/Analog (24) 

P3404 052.000.000.025 Input 3 (52) OR (0) False (0) Preset Tbl Bit 0 (25) 

P3405 053.000.000.026 Input 4 (53) OR (0) False (0) Preset Tbl Bit 1 (26) 

P3406 054.000.000.027 Input 5 (54) OR (0) False (0) Preset Tbl Bit 2 (27) 

P3407 055.000.000.028 Input 6 (55) OR (0) False (0) Preset Tbl Bit 3(28) 

P3408 052.001.053.040 Input 3 (52) AND (1) Input 4 (53) Variable A (40) 

P3409 054.001.055.041 Input 5 (54) AND (1) Input 6 (55) Variable B (41) 

P3410 100.001.101.023 A (100) AND (1) B (101) Reset (23) 

P3411 056.000.000.022 Input 7 (56) OR (0) False (0) Acc/Dec Group (22) 

P3412 057.003.000.019 Input 8 (57) NOR (3) False (0) Fault (19) 

User Analog Return
Analog Input 1
Analog Ref. Power +

1
2
3
4
5
6
7

J1

Analog Input 2+
Analog Input 2-
Analog Output 1
Analog Output 2

 

Enable

J2

Digital Output 1 + (Collector) 
Digital Output 1 - (Emitter)
Digital Output 2 + (Collector)
Digital Output 2 - (Emitter)

Enable
Forward Run
Reverse Run

Switch 1
Switch 2
Switch 3
Switch 4

External Trip

 

Accel/Decel

Digital Input 1
Digital Input 2
Digital Input 3
Digital Input 4
Digital Input 5
Digital Input 6
Digital Input 7
Digital Input 8

8

17

9
10
11
12
13
14
15
16

18
19
20

 

*

    See Figure 5-4 for
connection information.

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.

See recommended tightening torques in Table A-2.

The Parameter Dec Value column can be used when entering the PLC configuration parameters at the keypad (parameters 
are shown as decimal long values - byte3.byte2.byte1.byte0). 
For this mode Enable is active.
Note that Preset Speed 1 is active so the Preset Speed Select Table Index need not be programmed since it automatically 
follows action 24 (Presets/Analog).
Jog is enabled anytime input 3 or 4 is on while these same inputs set the direction for jog.
The Fault action is programmed to trigger whenever digital input 8 goes low.
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10.7  PLC Mode as Process PID Mode

This example shows how the PLC Mode rendered as the Process PID Mode. 

Initialization:

Parameter Value Comment

P1401 PLC PLC operating mode selected 

PLC Mode configuration parameters:

Parameter 
Number

Parameter Dec 
Value

Byte 3 Condition Byte 2 Logic Byte 1 Condition Byte 0 Action

P3401 050.000.000.020 Input 1 (50) OR (0) False (0) Forward (20) 

P3402 051.000.000.021 Input 2 (51) OR (0) False (0) Reverse (21) 

P3403 001.000.000.034 True (1) OR (0) False (0) Param Table Select (34) 

P3404 052.000.000.035 Input 3 (52) OR (0) False (0) Table Select Bit 0 (35) 

P3405 053.000.000.038 Input 4 (53) OR (0) False (0) Torque/Speed (38) 

P3406 054.000.000.029 Input 5 (54) OR (0) False (0) PID (29) 

P3407 055.000.000.018 Input 6 (55) OR (0) False (0) Jog Enable (18) 

P3408 055.000.000.006 Input 6 (55) OR (0) False (0) Jog Forward (6) 

P3409 056.000.000.023 Input 7 (56) OR (0) False (0) Reset (23) 

P3410 057.003.000.019 Input 8 (57) NOR (3) False (0) Fault (19) 
 

User Analog Return
Analog Input 1
Analog Ref. Power +

1
2
3
4
5
6
7

J1

Analog Input 2+
Analog Input 2-
Analog Output 1
Analog Output 2

 

Enable

J2

Digital Output 1 + (Collector) 
Digital Output 1 - (Emitter)
Digital Output 2 + (Collector)
Digital Output 2 - (Emitter)

Enable
Forward Enable
Reverse Enable

Table Select
Speed/Torque

Process Mode Enable
Jog

External Trip
Fault Reset

Digital Input 1
Digital Input 2
Digital Input 3
Digital Input 4
Digital Input 5
Digital Input 6
Digital Input 7
Digital Input 8

8

17

9
10
11
12
13
14
15
16

18
19
20

 

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.
See recommended tightening torques in Table A-2.

    See Figure 5-4 for 
connection information.

The Parameter Dec Value column can be used when entering the PLC configuration parameters at the keypad (parameters 
are shown as decimal long values - byte3.byte2.byte1.byte0).
For this mode Enable is active.
The unconditional True statement P3403 enables parameter table select (Table 10-5 ) at all times.
The Fault action is programmed to trigger whenever digital input 8 goes low.
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10.8  PLC Mode as a Modified Process PID Mode

This example shows how the PLC Mode as a modified Process PID Mode. 

        Initialization:

Parameter Value Comment

P1401 PLC PLC operating mode selected 

P1501 PLC Digital Output 1 Set by PLC Mode Logic

P3431 10 Comparator A monitors absolute speed demand (P10)

P3432 20% Comparator A’s constant (12 Hz for 60 Hz max)

P3440 3.00 sec Timer A set for 3 seconds 

PLC Mode configuration parameters:

Parameter 
Number

Parameter Dec 
Value

Byte 3 Condition Byte 2 Logic Byte 1 Condition Byte 0 Action

P3401 076.000.000.040 Comp A (76) OR (0) False (0) A (40) 

P3402 050.000.000.020 Input 1 (50) OR (0) False (0) Forward (20) 

P3403 051.000.000.021 Input 2 (51) OR (0) False (0) Reverse (21) 

P3404 100.000.000.038 A (100) OR (0) False (0) Torque/Speed (38) 

P3405 053.002.100.029 Input 4 (53) XOR (2) A (100) PID (29) 

P3406 054.000.055.018 Input 5 (54) OR (0) Input 6 (55) Jog Enable (18) 

P3407 054.000.000.006 Input 5 (54) OR (0) False (0) Jog Forward (6) 

P3408 055.000.000.005 Input 6 (55) OR (0) False (0) Jog Reverse (5) 

P3409 056.000.000.023 Input 7 (56) OR (0) False (0) Reset (23) 

P3410 057.000.000.050 Input 8 (57) OR (0) False (0) Start Timer (50) 

P3411 086.000.000.019 Timer A (86) OR (0) False (0) Fault (19) 

User Analog Return
Analog Input 1
Analog Ref. Power +

1
2
3
4
5
6
7

J1

Analog Input 2+
Analog Input 2-
Analog Output 1
Analog Output 2

 

Enable

J2

Digital Output 1 + (Collector) 
Digital Output 1 - (Emitter)
Digital Output 2 + (Collector)
Digital Output 2 - (Emitter)

Enable
Forward Enable
Reverse Enable

PID
Jog Enable

Jog Forward
Jog Reverse

Fault

 

Fault Reset

Digital Input 1
Digital Input 2
Digital Input 3
Digital Input 4
Digital Input 5
Digital Input 6
Digital Input 7
Digital Input 8

8

17

9
10
11
12
13
14
15
16

18
19
20

 

*

*Note: Remove factory jumper from J2-8 and J3-24 before connecting switch at J2-8.
See recommended tightening torques in Table A-2.

    See Figure 5-4 for 
connection information.

The Parameter Dec Value column can be used when entering the PLC configuration parameters at the keypad (parameters 
are shown as decimal long values - byte3.byte2.byte1.byte0). 
For this mode Enable is active. 
Use of logical variables A, B, C or D allows for complex PLC logic. 
Variable “A” is set based on the outcome of a comparator and then used as an input condition for the torque/speed select 
and PID actions. 
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Note that P3401 is programmed to set logical variable “A” before it is used since statements are executed in order from 
P3401 through P3410. 
Either input 5 or 6 enable jog and they also set jog direction as in P3407 and P3408. 
Speed mode is active above 12 Hz but torque mode is active when less than 12Hz. 
The PID becomes active above 12 Hz if input 4 is ON. 
The PID becomes active at less than 12 Hz when input 4 is OFF.
The Fault action is programmed to trigger after a three second delay following digital input 8 going low.
Timer A is used to implement this action.  
Normally P3410 continuously resets Timer A when digital input 8 is high. 
If digital input 8 goes low then high in less than three seconds no fault action occurs since Timer A is reset before it has a 
chance to timeout.
If digital input 8 goes low and stays low for at least 3 seconds then Timer A does timeout and a fault occurs.
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Chapter 11
Composite Reference Description  

11.1  Overview

This reference is mathematically computed from any two valid drive parameters. Once configured, it can provide a signal to 
drive the speed loop, torque loop or process PID. In addition, this reference can drive all existing operating modes including 
the PLC Mode. Composite Ref can be referenced to any valid input: 

P1402 - Command Source                            P2310 - Auxiliary Filter Source               P1415 - Current Limit Source
P2603 - Process PID Feedback Source        P1418 -Torque Feedforward Source      P2604 - Process PID Setpoint Source 

Mathematical operations are performed at each stage in its development providing the ability to add, subtract, multiply or 
divide any two parameters to form a complex internal reference source. This reference source can influence the operation of 
all existing operating modes including PLC Mode. The Composite Reference Parameter Block is programmed in the Level 3, 
Composite REF parameters.

Figure 11-1  Composite Reference Generator Block Diagram

Stage 1 (P3501 & 3507)
Scale Factor

Py = Px

Max Px

PyPxVariable A

Stage 1 (P3503 & 3508)
Scale Factor

Pb = Pa

Max Pa

PbVariable B Pa

Output is = ± 100%

Output is = ± 100%

 Stage 2 (P3502)
Math Function

Pz = F(Py)
PzPy

Stage 2 (P3504)
Math Function

Pc F(Pb )
PcPb

Stage 3 (P3505)
Binary Operator

Rx = (Pc )O(Pz)

Rx

Pz

Pc

Stage 4 (P3506)
Math Function

with Limit Setting

Ry F(Rx )

RyRx
Ry

* K1

* K2 =

=

Table 11-1  Math Functions (P3506)

ID Function Description Notes

0 0 Zero1 1. Zero Function, F(x) = 0 
2. Identity Function, F(x) = x 
3. Where, |x| is the absolute value function:

        |x|= x for x ≥ 0 
        |x|=-x for x < 0
4. The ramp generator is computed as follows: 

        0.0           1.0 for x > 0 
        Constant output for x = 0 
        0.0           -1.0 for x < 0 

5. The frequency generator is computed
        as follows: y = Ramp(x) Freq(x) = Sin(2πy) With

1 X Identity2 

2 | X | Absolute Value3

3 1/X Inversion 

4 X2 Square 

5 √(|X|) Square Root3 

6 Sin(x) Sine 

7 Cos(x) Cosine 

8 Ramp(x) Ramp Generator4 

9 Freq(x) Frequency Generator5 

Table 11-2  Binary Operator Selection Parameter (P3505)

ID Function Description Notes

0 + Sum 1. Y = Max(x, y) provides the maximum 
2. Y = Min(x, y) provides the minimum1 - Difference 

2 Multiply 

3 / Divide 

4 Max Maximum1 

5 Min Minimum2 



11-2  Composite Reference Description MN764

Table 11-3  Composite Reference Parameters

Stage P# Description

1 3501 & 
3503

Scale Factor - Monitor a parameter number (Variable A or B) and scales the value into percentage of 
maximum value for use by the next stage. As an example, P3501=5 Motor Voltage (assume its maximum 
is 230V) is monitored and internally 20% is computed for P5= 46 V or 10% for P5=23 V.  Likewise, with 
P3503=11 then Speed Demand (assume its maximum is 60 Hz) is monitored and 50% is output when 
P11=30 Hz or –50% when P11= -30 Hz.
P3501 or P3503 can be can be set to any valid drive parameter number. If either is set to an invalid 
parameter number Py=0% or Pb=0%. 
P3501 or P3503 only point to a valid parameter number in the active parameter table, never a parameter 
outside the active table. Switching parameter tables with the drive enabled causes the Composite 
Reference to be redefined by the parameter values in the new active parameter table. 

2 & 4 3502, 
3504 & 
3506

Math Function - These parameters select the mathematical functions to be applied at the second and 
fourth stage of the Composite Reference's derivation. Refer to Table 11-1. 

3 3505 Operator - This parameter provides the mathematical operation to be performed at the third stage of the 
Composite Reference derivation. Refer to Table 11-2 . 

1 3507 & 
3508

These parameters provide a way to scale up or down the percentage calculation of the first stage. They 
range from -1000.00  to 1000.00 with default 1.00. Normally, the defaults work so these parameters need 
not be changed. 
A simple example of their use is: A 5A motor is connected to a 15A (peak) drive. When the motor is at 
rated amps only 5/15 or 33.3% is passed on to stage 2, but by setting P3507=3.00, 100% is passed on 
allowing full use of the motor’s current. 

11.2  Composite Reference Examples

The following table gives examples of the kinds of Composite References that may be developed.

Table 11-4  Examples

Composite Reference Parameters
Description

P3501 P3502 P3503 P3504 P3505 P3506 P3507 P3508

P103 Identity P104 Identity Sum Identity 0.5 0.5 Average of Analog Inputs 1&2:           
Ry = (A1+A2)/2

P103 Identity P104 Freq Multiply Identity 1.0 1.0
Signal Generator with Magnitude 
set by A1 and Frequency by A2:                     
Ry = A1 x Freq(A2)

P103 Identity P104 Identity Divide Identity 1.0 1.0 Ratio of Analog Inputs 1&2: Ry = A1/A2

P102 Square P104 Square Difference Square 
Root 1.0 1.0

Square Root of Difference of Squares 
of Process Error and Analog2:           
Ry = √(|Pe

2 – A2
2|)
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Chapter 12
Monitor and RTC Description  

12.1  Monitor Parameters (P0001 to P0818)

Monitor parameters can be viewed using the WorkBench software. Most are read only (P0001) but some (P0052) can be 
written as well.

Table 12-1  Monitor Parameters Descriptions

P# Type Name Unit Help

1 SOFTWARE VERSION Software Version. - Drive firmware version number 

2 LOC/REM STATUS Local/Remote Status. - Source of run/stop commands. Local for 
keypad or Remote for terminal block 

3 DRIVE STATUS Drive Enable Status. - 0 for disabled, 1 for enabled 

4 MOTION STATUS Motion Status. - Status: stopped, forward, reverse, bipolar, sleep, 
homing, etc. 

5 MOTOR VOLTS V Motor Volts. - Estimated line-to-line drive output RMS voltage 

6 MOTOR CURRENT A Motor Current. - Measured motor RMS current 

7 MOTOR ABS SPEED RPM Motor Absolute Speed. - Estimated rotor speed 

9 SPEED REF Hz Speed Reference. - Setpoint speed for motor. Command source 
parameter determines the source 

10 ABS SPEED DEMAND Hz Absolute Speed Demand. - Absolute speed output from Speed 
Profiler. 

11 SPEED DEMAND Hz Speed Demand. - Signed speed output from Speed Profiler 

12 ABS MOTOR FREQ Hz Absolute Motor Frequency. - Estimated motor electrical frequency 

13 MOTOR FREQ Hz Motor Frequency. - Signed motor frequency 

14 DRIVE TEMP °C Drive Temperature. - Measured temperature of drive heat sink 

15 BUS VOLTAGE V Bus Voltage. - Measured bus voltage. DC bus high fault occurs above 
400/820V DC 

16 OVERLOAD LEFT % Overload Remaining. - Current overload count remaining until overload 
fault/foldback occurs 

17 INPUTS Digital Inputs. - State of terminal block digital inputs. Off/On indicated 
by 0/1 

18 OUTPUTS Digital Outputs. - State of the terminal block digital/relay outputs. Off/
On indicated by 0/1 

19 RATED HP HP Rated Horsepower. - Drive rated horsepower 

20 RATED CURRENT A Rated Current. - Nominal/derated drive continuous RMS current rating 

21 RATED PK CURRENT A Rated Peak Current. - Nominal/de-rated drive peak, short term, 
current rating 

22 RATED VOLTS V Rated Voltage. - Nominal voltage rating of drive 

23 ACTIVE FAULTS Active Faults. - Number of active / simultaneous drive faults 

24 ACTIVE FLT CODE Active Fault Code. - Currently active drive fault code number 

25 PROC FEEDFORWARD % FF Process Feedforward. - Process PID feed forward signal 

26 PROC SETPOINT % SP Process Setpoint. - Process PID set point signal 

27 PROC FEEDBACK % FB Process Feedback. - Process PID feedback signal 

28 ADC USER REF V ADC User Reference. - Hardware ADC reference voltage for analog 
inputs 

29 ADC CURR REF V ADC Current Reference. - Hardware ADC reference voltage for 
currents 

30 USER 24V V User 24V. - Measured, internally supplied 24V for I/O 

31 MOTOR TORQUE NM Motor Torque. - Estimated motor torque from measured currents and 
motor model 

32 AUTO-TUNE PROG % Auto-Tune Progress. - Estimated progress of auto-tune test 



12-2  Monitor and RTC Description MN764

P# Type Name Unit Help

33 LINE VOLTAGE V Line Voltage. - Estimated drive input line-to-line RMS voltage 

34 RATED A/V V Rated Amps/Volt. - Nominal drive current scaling set at the factory 

35 MOTOR POLES Motor Poles. - Calculated /entered number of motor poles 

36 RUN TIMER HR Run Timer. - Accumulated drive run (non-idle) time in hours 

37 ACTIVE ALARMS Active Alarms. - Number of currently active /simultaneous alarms 

38 ACT ALARM CODE Active Alarm Code. - Currently active alarm code 

39 ANA IN1 V Analog Input 1. - Measured value of analog input #1 on terminal input 
J1-2 and J1-1 

40 ANA IN2 V Analog Input 2. - Measured value of analog input #2 on terminal input 
J1-4 and J1-5 

41 ANA OUT1 V Analog Output 1. - Estimated value of analog output #1 on terminal 
J1-6 

42 ANA OUT2 V Analog Output 2. - Estimated value of analog output #2 on terminal 
J1-7 

43 OPTION1 Option 1. - Option board detected in option slot #1 (left slot) 

44 OPTION2 Option 2. - Option board detected in option slot #2 (right slot) 

46 DATE AND TIME Current Date and Time. - Real time clock current reading 

47 DST STATUS DST Status. - Daylight Saving Time status: 0=Not Active 1=Active 

48 MOTOR OVERLOAD 
REMAINING % Current overload count remaining until a motor overload fault/overload 

occurs

49
LAST MOTOR 
OVERLOAD 
REMAINING

% Last reading of motor overload left before power down

50
LAST DRIVE 
OVERLOAD 
REMAINING

% Last reading of drive overload left before power down

52 ACTIVE PARAM TBL Active Parameter Table. – Parameter table currently in use on the drive

53 EE VER Power Base EEPROM Rev. - Power base EEPROM parameter revision 
number. Set by factory 

54 FPGA VER Power Base FPGA Rev. - Power base FPGA revision control number. 
Set by factory 

55 ACC/DEC DEMAND Hz/SEC Accel/Decel Demand. - Current ramp rate used by the velocity profiler 

56 ID CURRENT ID Current. - D axis measured current proportional to motor flux 

57 ID DEMAND A ID Demand. - D axis demand current proportional to motor flux 

58 IQ CURRENT A IQ Current. - Q axis measured current proportional to motor torque 

59 IQ DEMAND A IQ Demand. - Q demand current proportional to motor torque 

60 POWER FACTOR Power Factor. - Ratio of (real power)/(apparent power) 

61 PHASE 1 CURRENT A Phase 1(U) Current. - Phase U current 

62 PHASE 2 CURRENT A Phase 2(V) Current. - Phase V current 

63 PHASE 3 CURRENT A Phase 3(W) Current. - Phase W current 

64 VD DEMAND V VD Demand. - D axis voltage demand for setting up motor flux 

65 VQ DEMAND V VQ Demand. - Q axis voltage demand for setting up motor torque 

66 ELECTRICAL ANGLE ° Electrical Angle. - Electrical angle used to develop phased voltages to 
the motor 

67 MOTOR SPEED RPM Motor Speed. - Current speed of the motor 

68 AT TEST DESC Autotune Test Description. - Description of current autotuning state 

69 R/W APP LAYER ERROR Application Layer Error. Application layer error code number. The last 
error that occurred 

Table 12-1  Monitor Parameters Descriptions Continued
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P# Type Name Unit Help

70 USB TRANSACTIONS USB Transactions. Total number of USB transactions since start up 

71 USB ERRORS USB Errors. Total number of USB errors since start up 

72 TSK STATUS Task Status. Runtime task overrun status. Bits correspond to tasks 
that have overrun their time limit 

73 TSK ID Task ID. First task that overran its time slot 

74 TSK COUNT Task Count. Total number of overruns for the first task to overrun its 
time slot 

75 Kp PACKETS Keypad Packets. Total number of processed keypad packets 

76 Kp T-GAPS Keypad Gaps. Total number of keypad inter-packet time gap errors 

77 Kp NAKs Keypad NAKs. Total number of NAKs sent. High word are received 
NAKs low word is transmitted NAKs 

78 EST POWER kW Estimated Power. - Drive power output estimated from measured 
current and voltages. Units: KW 

79 EST ENERGY kWH Estimated Energy. - Delivered by drive. Estimated from measured 
current and voltages. Units: kHW 

80 EST COST $ Estimated Cost. - Cost of output energy delivered. Estimated from 
cost of kWH unit parameter 

81 R/W ACCESS KEY Access Key. - Parameter security access key. Contact Baldor to 
decode the key code 

82 R/W KEYPAD SOFT VER Keypad Software Version. - Keypad software version string 

83 AUTOTUNE TEST RE Autotune test result. Use keypad back/forward keys to review results 
on the keypad 

84 AUTOTUNE TEST RE Autotune test result. Use keypad back/forward keys to review results 
on the keypad 

85 CMD TYPE Command Type. Operating mode input signal command type 

86 FPGA READ ERRORS FPGA Read Errors. Number of errors when reading FPGA since start 
up 

87 FPGA WRITE ERROR FPGA Write Errors. Number of errors when writing to FPGA since start 
up 

88 FPGA ALARM REG FPGA Alarm Register. Alarm Latch|Alarm Status of Powerbase FPGA 

89 REFRESH REQUEST Refresh Request. - Refresh parameter list request from drive to host 

90 PHASE 1 VOLTAGE V Phase 1(U) Voltage. - Phase U RMS voltage 

91 PHASE 2 VOLTAGE V Phase 2(V) Voltage. - Phase V RMS voltage 

92 PHASE 3 VOLTAGE V Phase 3(W) Voltage. - Phase W RMS voltage 

93 CUSTOM UNITS CUSTOM Custom Units. - Shows production rates according to custom units. 

98 LV TEST FEEDBACK LV test feedback. -  Gives feedback on state of test 

99 LV TEST FE STATE Front End State. -Gives feedback on state of front end 

100 ID Power Base ID. - Power Base ID Number. Set by factory 

102 PROC ERROR % ER Process Error. - Process PID error signal 

103 ANA1 REF % Analog Input 1 Reference. - Reference generated from analog input 1 

104 ANA2 REF % Analog Input 2 Reference. - Reference generated from analog input 2 

105 COMPOSITE REF % Composite Reference. - Reference generated composite reference 
parameter block. 

107 R/W RTC EDGE COUNTER RTC Edge Counter. - General purpose date/time edge counter used in 
Real Time Clock Features. 

108 R/W RTC OUTPUTS RTC Virtual Outputs. - Outputs set by the RTC and mapped to real 
outputs if enabled. 

109 R/W RTC MSG STATUS RTC Message Status. - Individual bits are mapped to RTC message 
when set 

Table 12-1  Monitor Parameters Descriptions Continued
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P# Type Name Unit Help

110 LAST POWERDOWN Last Drive Power Down Date. - The date and time the drive was last 
turned off. 

111 COMPONENT A % Component A of Composite Reference. - First part of the composite 
reference signal. 

112 COMPONENT B % Component B of Composite Reference. - First part of the composite 
reference signal. 

113 R/W PLC TIMER A PLC Mode Timer A Counter. - General purpose timer/counter in 10ms 
clock ticks. 

114  R/W PLC TIMER B PLC Mode Timer B Counter. - General purpose timer/counter in 10ms 
clock ticks. 

115 ENC POS FB SPEED % Speed reference set by Pulse Follower EXB. 

116 MACRO STATUS ID number of last executed macro (none if no macros have been 
executed). 

117 R/W PLC Timer C PLC Mode Timer C Counter- General purpose timer/counter in 10ms 
clock ticks.

118 R/W PLC Timer D PLC Mode Timer D Counter - General purpose timer/counter in 10ms 
clock ticks.

201 LOC SPEED REF Hz Local Speed Reference. - Local speed reference from keypad. 
Reference can be entered in Hz or RPM 

202 E-POT SPEED REF Hz E-Pot Speed Ref. - Electronic pot speed reference 

301 FAULT LOG TIME Fault Log Time. Time stamp for fault log entries 

302 FAULT LOG MSG Fault Log Message. 

503 OPT1 ANA IN1 V/mA Option 1 Analog Input 1. Option board 1 analog input 1 

504 OPT1 ANA IN2 V/mA Option 1 Analog Input 2. Option board 1 analog input 2 

505 OPT2 ANA IN1 V/mA Option 2 Analog Input 1. Option board 2 analog input 1 

506 OPT2 ANA IN2 V/mA Option 2 Analog Input 2. Option board 2 analog input 2 

507 OPT1 ANA OUT1 V/mA Option 1 Analog Output 1. Option board 1 analog output 1 

508 OPT1 ANA OUT2 V/mA Option Board 1 Analog Output 2. Option 1 analog output 2 

509 OPT2 ANA OUT1 V/mA Option 2 Analog Output 1. Option board 2 analog output 1 

510 OPT2 ANA OUT2 V/mA Option 2 Analog Output 2. Option board 2 analog output 2 

511 TX CNTS CNT PF Tx Counts. PF transmitted accumulated position in encoder pulses 
per revolution 

512 TX REVS REVS PF Tx Revolutions. PF transmitted accumulated revolutions since 
power up. Encoder PPR parameter sets the revolution count 

513 RX CNTS CNT PF Rx Counts. PF received accumulated position in encoder pulses 
per revolution 

514 RX REVS PF Rx Revolutions. PF received accumulated revolutions since power 
up. Encoder PPR parameter sets the revolution count 

515 OPT1 CONFIG1 Option Card 1 Configuration Word 1. Slot 1 option card's general 
purpose config data from its EE 

516 OPT1 CONFIG2 Option Card 1 Configuration Word 2. Slot 1 option card's general 
purpose config data from its EE 

517 OPT1 CONFIG3 Option Card 1 Configuration Word 3. Slot 1 option card's general 
purpose config data from its EE 

518 OPT1 CONFIG4 Option Card 1 Configuration Word 4. Slot 1 option card's general 
purpose config data from its EE 

519 OPT2 CONFIG1 Option Card 2 Configuration Word 1. Slot 2 option card's general 
purpose config data from its EE 

520 OPT2 CONFIG2 Option Card 2 Configuration Word 2. Slot 2 option card's general 
purpose config data from its EE 

Table 12-1  Monitor Parameters Descriptions Continued
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P# Type Name Unit Help

521 OPT2 CONFIG3 Option Card 2 Configuration Word 3. Slot 2 option card's general 
purpose config data from its EE 

522 OPT2 CONFIG4 Option Card 2 Configuration Word 4. Slot 2 option card's general 
purpose config data from its EE 

530 OPT1 FIRMWARE Option Card 1 Firmware Version. Option card 1 firmware version string 

531 OPT2 FIRMWARE Option Card 2 Firmware Version. Option card 2 firmware version string 

532 OPT1 CONFIG Option Card 1 Configuration Status. Slot 1 option card's configuration 
status 

533 OPT2 CONFIG Option Card 2 Configuration Status. Slot 2 option card's configuration 
status 

534 OPT1 RUN STATUS Option Card 1 Runtime Status. Slot 1 option card's run time status 

535 OPT2 RUN STATUS Option Card 2 Runtime Status. Slot 2 option card's run time status 

536 OPT1 ANA1 REF % Option Card 1 Analog Input 1 Reference. Reference generated from 
analog input 1 on option card 1 

537 OPT1 ANA2 REF % Option Card 1 Analog Input 2 Reference. Reference generated from 
analog input 2 on option card 1 

538 OPT2 ANA1 REF % Option Card 2 Analog Input 1 Reference. Reference generated from 
analog input 1 on option card 2 

539 OPT2 ANA2 REF % Option Card 2 Analog Input 2 Reference. Reference generated from 
analog input 2 on option card 2 

801 FAULT LATCH Fault Latch. Fault trace signal: powerbase fault active high latch 

802 ALARM LATCH Alarm Latch. Fault trace signal: powerbase alarm active high latch 

803 ADC CURRENT REF V ADC Current Reference. Fault trace signal: ADC 1.5V current reference 

804 24V REF V 24V Reference. Fault trace signal: 24v reference 

807 USER INPUTS User Digital Inputs. Fault trace signal: user digital inputs 

806 DIGITAL OUTPUTS Digital Outputs. Fault trace signal: all digital outputs 

807 ANA INPUT 1 V Analog Input 1. Fault trace signal: analog input 1 

808 ANA INPUT 2 V Analog Input 2. Fault trace signal: analog input 2 

809 SPEED REF Hz Speed Reference. Fault trace signal: speed reference 

810 PH1 CURRENT A Phase 1(U) Current. Fault trace signal: motor phase 1 current 

811 PH2 CURRENT A Phase 2(V) Current. Fault trace signal: motor phase 2 current 

812 PH3 CURRENT A Phase 3(W) Current. Fault trace signal: motor phase 3 current 

813 MOTOR CURRENT A Motor Current. Fault trace signal: motor instantaneous RMS current 

814 MOTOR TORQUE NM Motor Torque. Fault trace signal: motor instantaneous torque 

815 MOTOR VOLTS V Motor Voltage. Fault trace signal: instantaneous voltage to motor 

816 MOTOR SPEED RPM Motor Speed. Fault trace signal: motor instantaneous rotor speed 

817 BUS VOLTAGE V Bus Voltage. Fault trace signal: instantaneous bus voltage 

818 DRIVE TEMP °C Drive Temperature. Fault trace signal: drive temperature 

12.2  Real Time Clock (RTC) Overview

Action Module 
Action Module parameters P3601 - 3602 set the actions to be scheduled. Action 2 takes priority over action 1 should 
both be scheduled to trigger within the same second. So, if action 1 turns on output 1 and action 2 turns off output 1 
and they both trigger on the same seconds tick, then output 1 will appear as though to never turn on. 
As a rule, once an action is taken it is latched until it is reset by another action.
Action Module selections are shown in Table 12-2.

Table 12-1  Monitor Parameters Descriptions Continued
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Figure 12-1  RTC Features

Action Module
P3601-3602
P3605-3606
P3609-3610

Message Module
P3603-3604
P3607-3608
P3611-3612

RTC

 Operating Modes

 Alarm System

Table 12-2  Actions (P3601 & 3602)

ID ACTION DESCRIPTION

0 None No action assigned. Default setting. 

1 Digital Output 1 On Digital output 1 is turned on. P1501 set to RTC

2 Digital Output 1 Off Digital output 1 is turned off. P1501set to RTC 

3 Digital Output 2 On Digital output 2 is turned on. P1502 set to RTC 

4 Digital Output 2 Off Digital output 2 is turned off. P1502 set to RTC 

5 Relay Output 1 On Relay output 1 is turned on. P1503 set to RTC 

6 Relay Output 1 Off Relay output 1 is turned off. P1503 set to RTC 

7 Relay Output 2 On Relay output 2 is turned on. P1504 set to RTC 

8 Relay Output 2 Off Relay output 2 is turned off. P1504 set to RTC 

9 Increment P107 Increments the RTC counter parameter 

10 Decrement P107 Decrements the RTC counter parameter 

11 Reset P107 Resets the RTC counter parameter 

12 Digital Output 1 On with Inc Performs digital I/O with P107 increment 

13 Digital Output 1 Off with Inc Performs digital I/O with P107 increment 

14 Digital Output 1 On with Dec Performs digital I/O with P107 decrement 

15 Digital Output 1 Off with Dec Performs digital I/O with P107 decrement 

16 Digital Output 1 On with Reset Performs digital I/O with P107 reset 

17 Digital Output 1 Off with Reset Performs digital I/O with P107 reset 

18 Relay Output 1 On with Inc Performs digital I/O with P107 increment 

19 Relay Output 1 Off with Inc Performs digital IO with P107 increment 

20 Relay Output 1 On with Dec Performs digital IO with P107 decrement 

21 Relay Output 1 Off with Dec Performs digital IO with P107 decrement 

22 Relay Output 1 On with Reset Performs digital IO with P107 reset 

23 Relay Output 1 Off with Reset Performs digital IO with P107 reset 

Level 1, Output Setup Block parameters P1501-P1504 select the digital/relay output functions. P107 is the RTC counter 
parameter.
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Message Module (P3603 - 3604) 
Message Module parameters P3603 - 3604 set the messages to be scheduled. Message selections are shown in Table 12-3. 

Table 12-3  RTC Message 1&2 Parameters (P3603 & P3604)

ID ACTION DESCRIPTION

0 None (default) No message active 

1 Clean Filter(s) Time to do periodic cleaning of filter(s) 

2 Change Filter(s) Time to change out the filter(s) 

3 Apply Oil/Lubricate Apply oil and/or lubricant necessary areas of the system 

4 Service Motor Check motor cables, encoder, clean motor etc. 

5 Service Drive Check drive cables, clean panels and keypad display etc. 

6 Service Coolant System Check coolant pressures/levels, check for leaks, top off as needed 

7 Service Heating System Check for gas leaks, clean filters, blowers and connections 

8 RTC Alarm Generic real-time clock alarm 

RTC Action/Message Qualifier Parameters  (P3605-P3608)
Qualifier parameters shown in Table 12-4 set the interval of time of the actions and messages selected. 

Table 12-4  Action/Message Qualifier Parameters (P3605 – P3608)

ID QUALIFIERS DESCRIPTION

0 Once Action/Message is scheduled once to occur on the date and time entered. 

1 Second Action/Message is scheduled every second. Starting on the date and time entered and 
repeated every second thereafter. 

2 Minute 
Action/Message is scheduled every minute. Starting on the date and time entered and 
repeated every minute thereafter at the same seconds into the minute specified in the start 
date and time. 

3 Hourly 
Action/Message is scheduled hourly. Starting on the date and time entered and repeated 
every hour thereafter at the same minutes and seconds into the hour as specified in the 
start date and time. 

4 Daily 
Action/Message is scheduled Daily. Starting on the date and time entered and repeated 
every day thereafter at the same hour, minutes and seconds specified in the start date and 
time. If the day specified does not exist for that month the action/message is skipped. 

5 Monthly 
Action/Message is scheduled monthly. Starting on the date and time entered and repeated 
every month thereafter on the same day, hour, minutes and seconds specified in the start 
date and time. 

6 Yearly 
Action/Message is scheduled yearly. Starting on the date and time entered and repeated 
every year thereafter on the same month, day, hour, minutes and seconds in the start date 
and time. 

RTC Schedule Date Parameters (P3609-P3612)
To each action and message there is an associated start date and time. For Action 1 (P3609) is used; for Action 2 (P3610) 
and for Messages 1 & 2 (P3611 and P3612) are used respectively.
The internal date and time parameter format is shown in Table 12-5.

Table 12-5  Date and Time Format (P0046)

Bits 31-26 25-22 21-17 16 15-12 11-6 5-0

Fields Year
(00-63)

Month
(1-12)

Day 
(1-31)

Hour
Bit 5

Hour Bits 4-0
(0-23)

Minutes 
(0-59)

Seconds 
(0-59)

RTC Counter and Maximum Count Parameters (P107 and P3630) 
Monitor parameter P107 is a general purpose RTC Counter that can be assigned as the target of a RTC action. This 
parameter may be incremented, decremented or reset by RTC actions.
Parameter number P3630 sets the maximum for P107, so that: -P3630 ≤ P107 ≤ P3630.
The comparators A&B of the PLC Operating Mode along with the Composite Reference make use of the maximum setting of 
a parameter for internal scaling of their operations.
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RTC Daylight Saving Time Parameter (P3631) 
P3631 has three settings: OFF, U.S.A (United States of America) and E.U. (European Union).
Setting it to OFF disables the DST Feature. Setting it to USA enable Daylight Saving Time for US customers. Setting it to EU 
enables Daylight Saving Time for Europe based countries.

Power Cycles and RTC Edit Changes 
The RTC acts like an alarm clock during power cycles, edit changes and DST (Daylight Saving Time) updates. After power 
up, even though an action/message would have occurred during the power down period no action/message is issued, that 
action/message is lost. The next regularly scheduled action/message will trigger on the next regularly occurring clock edge 
after power up.
Likewise if the RTC is advanced by some time-offset due to editing or DST action/messages may be lost. For example, 
digital output 1 is scheduled to turn on at 1:00 PM daily. At 12:15:00 PM the clock is changed to 1:15:00 PM advancing it an 
hour. 
The output will not turn on that day since its triggering edge never occurs.
On the other hand, if the clock is receded by one hour, that is, changed at 1:30:00 PM to 12:30:00 PM then two triggers for 
digital output 1 on will have been generated that day since the RTC will have passed through 1:00 PM twice. Furthermore, 
if an active RTC message is not acknowledged by an operator and power is cycled that message persists after the cycle. 
The operator must acknowledge an RTC message even if power is cycled. The same is NOT true for outputs. RTC controlled 
digital outputs and relays are reset at power up.

RTC Scheduling Examples 
The following table gives examples of the kinds scheduled events that may be programmed. 

Table 12-6  Scheduled Events Examples

Action 1 Action 2 Message 1 Message 2

P3601   Digital Out 1 ON

P3602 Digital Out 1 OFF

P3603    Change Filters

P3604 Service Heating System

P3605 Daily

P3606 Daily

P3607 Monthly

P3608 Yearly

P3609 3-Feb-07 01:00:00

P3610 3-Feb-07 02:00:00

P3611 10-Jan-06 13:30:00

P3612 10-Jul-06 13:30:00

For this example assume the drive is in Standard Run Two Wire operating mode with digital output 1 wired to FWD. The 
drive would then run daily for one hour from 1:00 AM to 2:00 AM starting February 3, 2007. The same drive is scheduled for 
monthly and yearly service. Filters are to be changed on the tenth of every month after lunch starting January 10, 2006. In 
addition, once a year on the 10 of July the heating system is serviced after lunch as well.
RTC messages 1&2 are not logged but must be acknowledged before they are cleared.

RTC Keypad Screens 
The following templates shows how these parameters are displayed on the keypad. 
  

Keypad Screen

Line 1 Program Parameter Block Name

Line 2 Parameter Name

Line 3 Parameter List Text1 Qualifier1

Line 4 Month1 Day1 , Year1 Hour1 : Minutes1 : Seconds1

Line 5 A Parameter Number B

Note 1: Field is editable. 
Line 1 holds the screen’s name and parameter block name. Line 2 holds a parameter name. Line 3 holds list parameter text 
and the scheduling qualifier. Line 4 holds the date and time. And line 5 holds the A-Function Key name, a parameter number 
and the B-Function Key name.



 Monitor and RTC Description   12-9MN764

Example one:

Keypad Screen

Line 1 Prog RTC

Line 2 ACTION 1

Line 3 Digital Output 1 ON Daily

Line 4 July 04 2006 01 : 00 : 00

Line 5 Diag C3601T1 Back
  

Action Description Display Comments
At the Level 3
Programming enu
select TC FEAT ES

At the rst menu 
“ TC ACT N 1” press ENTE .

EDIT RTC FEATURES

MAX F0201 RESET

RTC ACTION 1
None Once
Jul 04, 2006  01:00:00

RTC 
Action

Action
Qualifier

Action 
Date & Time

Press   or  to change value. 
Press  or  to move cursor to
Action uali er.
Press  or  to change value. 
Press  or  to move cursor to
Date  Time.
Press ENTE  when nished and
save the new value. 
See TC chapter of this manual
for additional details.

Press  to go to the
next TC screen.

Each TC parameter can be
changed by using the procedure
described for TC ACT N 1.

EDIT RTC FEATURES

MAX F0201 RESET

RTC ACTION 2
None Once
Jul 04, 2006  01:00:00

Press   or  to change value. 
Press  or  to move cursor to
Action uali er.
Press  or  to change value. 
Press  or  to move cursor to
Date  Time.
Press ENTE  when nished and
save the new value. 
See TC chapter of this manual
for additional details.

Example two: 

Keypad Screen

Line 1 Prog RTC

Line 2 MESSAGE 1

Line 3 Change Filter(s) Monthly

Line 4 Jul 17 2010 13 : 30 : 00

Line 5 Diag C3603T1 Back
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Appendix A
Technical Specifications  

A.1  VS1SP Specifications

Table A-1  VS1SP Specifications

Input Ratings

Voltage 120 240 240 480 600

Voltage Range 95-130 180-264 180-264 340-528 515-660

Phase Single Phase (1-3 HP only) Three Phase (single phase with derating)

Frequency 50/60Hz ±5%

Impedance 1% minimum from mains connection (3% minimum for AA frame drives)

Output Ratings

Horsepower ¾-3 HP, 3PH output @ 120/240VAC, 1PH input              ¾-60 HP @ 240VAC, 3PH input
¾-500 HP @ 480VAC, 3PH input                                     ¾-300 HP @ 600VAC, 3PH input

Overload 
Capacity 

Constant Torque (Heavy Duty) = 150% for 60 seconds, 175% for 3 seconds 
Variable Torque (Normal Duty) = 115% for 60 seconds 

Frequency 0-500Hz 

Voltage 0 to maximum input voltage (RMS) 

Protective 
Features 

Vector Trip Missing control power, over current, over voltage, under voltage, motor over speed, over 
temperature (motor or control), output shorted or grounded, motor overload 

Stall Prevention Over voltage suppression, over current suppression 

External Output LED trip condition indicators, 4 assignable logic outputs, 2 assignable analog outputs 

Short Circuit Phase to phase, phase to ground 

Electronic Motor 
Overload Meets UL508C (I2T)

Environmental 
 Conditions

Temperature 
-10 to 45°C (-10°C to 40°C for B-Frame NEMA 4X Drive)
Derate 3% per degree C above 45 to 55°C maximum ambient temperature
(40°C to 50°C for B-Frame NEMA 4X Drive)

Cooling Forced air 

Enclosure 
NEMA 1, IP20 (-1, -1T, -1B); NEMA 4X, IP66 (-4B), indoor mounting only
Note:  NEMA 4X/IP66 is not available in frame sizes C, D, E and F as a stock product but     
           can be supplied as part of a packaged drive.

Altitude Sea level to 3300 Feet (1000 Meters) Derate 2% per 1000 Feet (303 Meters) above 3300 
Feet 

Humidity 10 to 90% RH Non-Condensing (NEMA1); to 100% (NEMA 4X)

Shock 1G 

Vibration 0.5G at 10Hz to 60Hz 

Transportation 
Storage 
Temperature 

-30°C to +65°C 

Duty Cycle 1.0 

Note: H2D, H2E, and H2F-Frame drives are not permitted to be applied in single-phase input applications. Additionally, the  
              H2B-Frame NEMA 4X drive is not designed for single-phase input power.
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Table A-1  VS1SP Specifications

Keypad Display 

Display LCD Graphical 128x64 Pixel 

Keys 14 key membrane with tactile feedback

Functions 

Output status monitoring 
Digital speed control
Parameter setting and display
Diagnostic and Fault log display
Motor run and jog
Local/Remote toggle

LED Indicators 

Forward run command 
Reverse run command
Stop command
Jog active

Remote Mount 200 feet (60.6m) maximum from control 
(NEMA 4X requires purchase of separate keypad.)

Trip Separate message and trace log for each trip, last 10 trips retained in memory 

Control 
Specifications 

Control Method Microprocessor controlled PWM output, selectable encoderless vector or V/Hz inverter 

PWM Frequency Adjustable 1.5-5kHz STD, 5-16 kHz quiet 

Speed Setting ±5 VDC, 0-5 VDC ±10 VDC, 0-10 VDC, 4-20 mA, 0-20 mA; digital (keypad), Serial 
Comms/USB 2.0, and Modbus RTU standard 

Accel/Decel 0-3600 seconds 

Motor Matching Automatic tuning to motor with manual override 

PC Setup Software Mint WorkBench software available using USB2.0 port for commissioning wizard, 
firmware download, parameter viewer, scope capture and cloning 

Velocity Loop 
Bandwidth Adjustable to 180 Hz (Control only) 

Current Loop 
Bandwidth Adjustable to 1200 Hz (Control only) 

Maximum Output 
Frequency 500 Hz 

Quiet PWM 
Frequency Version 

Full rating 5-8 kHz PWM frequency, 
Adjustable to 16 kHz with linear derating (between 8 - 16kHz) of 50% at 16 kHz 
600VAC controls do not allow operation above 5kHz (Size C only) 

Standard PWM 
Frequency Version

Full rating 1.5-2.5 kHz PWM frequency, 
Adjustable to 5 kHz with linear derating (between 2.5 - 5kHz) of 20% (240VAC) at 5 kHz 
Adjustable to 5 kHz with linear derating (between 2.5 - 5kHz) of 25% (480/600VAC) at 
5 kHz

Selectable 
Operating Modes 

Keypad 
Standard Run 2 Wire
Standard Run 3 Wire
15 Preset Speeds
Fan Pump 2Wire
Fan Pump 3Wire
Process Control
3 SPD ANA 2Wire
3 SPD ANA 3Wire
Electronic Pot 2Wire
Electronic Pot 3Wire
Network
Profile Run
Bipolar
Pulse Follower
PLC
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Table A-1   VS1SP Specifications

Differential 
Analog Input 

Common Mode Rejection 40 db 

Full Scale Range ±5VDC, ±10VDC, 4-20 mA and 0-20 mA 

Resolution 11 bits + sign 

Input Impedance 80 kOhms (Volt mode); 500 Ohms (Current mode) 

Single Ended 
Analog Input 

Full Scale Range 0 - 10 VDC 

Resolution 11 bits 

Input Impedance 80 kOhms 

Analog Outputs 

Analog Outputs 2 Assignable 

Full Scale Range AOUT1 (0-5V, 0-10V, 0-20mA or 4-20mA), AOUT2 (±5V, ±10V) 

Source Current 1 mA maximum (volt mode), 20mA (current mode) 

Resolution 9 bits + sign 

Digital Inputs 

Opto-isolated Inputs 8 Assignable, 1 dedicated input (Drive Enable) 

Rated Voltage 10 - 30 VDC (closed contacts std) 

Input Impedance 4.71 kOhms 

Leakage Current 10 μA maximum 

Update Rate 16 msec 

Digital Outputs
(2 Opto Outputs) 

Rated Voltage 5 to 30VDC 

Maximum Current 60 mA Maximum 

ON Voltage Drop 2 VDC Maximum 

OFF Leakage Current 0.1 A Maximum 

Output Conditions 31 Conditions (see Output Setup Block parameter table, Chapter 7) 

Digital Outputs 
(2 Relay Outputs)

Rated Voltage 5 to 30VDC or 240VAC 

Maximum Current 5A Maximum non-inductive 

Output Conditions 31 Conditions (see Output Setup Block parameter table, Chapter 7) 

Diagnostic Indications: 
 Current Sense Fault    Regeneration (DB) Overload  Following Error 
 Ground Fault     Soft Start Fault    PWR Base Fault 
 Instantaneous Over Current   Under Voltage    Logic Power Fault 
 Overload     Ready      
 Line Power Loss     Parameter Loss  
 Microprocessor Failure    Overload  
 Over temperature (Motor or Control)  Overvoltage  
 Over speed     Torque Proving  

   
Note:  All specifications are subject to change without notice
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A.2  Specifications for Terminal Block Tightening Torque

Table A-2  Terminal Tightening Torque Specifications      

 Catalog No.

                                                           Tightening Torque 

Power TB1 
B+/R1; B+;  
B-; or R2

Ground  
TH1 and TH2

D1 and D2 
(E and F-Frames Only)

 Control J1, 
J2, P3

Control J3

In-lbs N-M In-lbs N-M In-lbs N-M In-lbs N-M In-lbs N-M In-lbs N-M

VS1SP21-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP22-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP23-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP25-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP27-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP210-1B,4B,5B 35 4 35 4 35 4 4 0.45 2 0.23 5 0.56

VS1SP215-1B,4B,5B 35 4 35 4 35 4 4 0.45 2 0.23 5 0.56

VS1SP220-1B,4B,5B 35 4 35 4 35 4 4 0.45 2 0.23 5 0.56

VS1SP225-1B 35 4 35 4 35 4 4 0.45 2 0.23 5 0.56

VS1SP230-1B 35 4 35 4 35 4 4 0.45 2 0.23 5 0.56

VS1SP240-1B 35 4 35 4 35 4 4 0.45 2 0.23 5 0.56

VS1SP250-1B 180 20.3 80 9.1 80 9.1 6 0.68 2 0.23 5 0.56

VS1SP260-1B 180 20.3 80 9.1 80 9.1 6 0.68 2 0.23 5 0.56

VS1SP41-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP42-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP43-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP45-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP47-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP410-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP415-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP420-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP425-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP430-1B 35 4 35 4 35 4 4 0.45 2 0.23 5 0.56

VS1SP440-1B 35 4 35 4 35 4 4 0.45 2 0.23 5 0.56

VS1SP450-1B 35 4 35 4 35 4 4 0.45 2 0.23 5 0.56

VS1SP460-1B 180 20.3 80 9.1 50 5.6 6 0.68 2 0.23 5 0.56

VS1SP475-1B 180 20.3 80 9.1 50 5.6 6 0.68 2 0.23 5 0.56

VS1SP4100-1B 180 20.3 80 9.1 50 5.6 6 0.68 2 0.23 5 0.56

VS1SP4125-1B 180 20.3 80 9.1 50 5.6 6 0.68 2 0.23 5 0.56

VS1SP4150-1 275 31.1 120 13.6 50 5.6 6 0.68 2 0.23 5 0.56

VS1SP4200-1 275 31.1 120 13.6 50 5.6 6 0.68 2 0.23 5 0.56

VS1SP4250-1 * 192 * 21.7 120 13.6 50 5.6 6 0.68 2 0.23 5 0.56

VS1SP4300-1 600 69 120 13.6 375 43 6 0.68 2 0.23 5 0.56

VS1SP4350-1 600 69 120 13.6 375 43 6 0.68 2 0.23 5 0.56

VS1SP4400-1 600 69 120 13.6 375 43 6 0.68 2 0.23 5 0.56

VS1SP4450-1 600 69 120 13.6 375 43 6 0.68 2 0.23 5 0.56

VS1SP4500-1 600 69 120 13.6 375 43 6 0.68 2 0.23 5 0.56

* VS1SP4250-1 Power Terminals are 3/8–16 studs.
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Table A-2   Terminal Tightening Torque Specifications (Continued)

Catalog No.

                                                  Tightening Torque 

Power TB1  
B+/R1; B+;  
B-; or R2

Ground
TH1 and TH2

D1 and D2 
(E and F-Frames Only)

Control J1, 
J2, P3

Control J3

In-lbs N-M In-lbs N-M In-lbs N-M In-lbs N-M In-lbs N-M In-lbs N-M

VS1SP51-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56
VS1SP52-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP53-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP55-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP57-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP510-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP515-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP520-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56
VS1SP525-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

VS1SP530-1B 35 4 35 4 35 4 4 0.45 2 0.23 5 0.56
VS1SP540-1B 35 4 35 4 35 4 4 0.45 2 0.23 5 0.56
VS1SP550-1B 35 4 35 4 35 4 4 0.45 2 0.23 5 0.56

VS1SP560-1B 180 20.3 80 9.1 50 5.6 6 0.68 2 0.23 5 0.56
VS1SP575-1B 180 20.3 80 9.1 50 5.6 6 0.68 2 0.23 5 0.56

VS1SP5100-1B 180 20.3 80 9.1 50 5.6 6 0.68 2 0.23 5 0.56
VS1SP5125-1B 180 20.3 80 9.1 50 5.6 6 0.68 2 0.23 5 0.56
VS1SP5150-1 275 31.1 120 13.6 50 5.6 6 0.68 2 0.23 5 0.56
VS1SP5200-1 275 31.1 120 13.6 50 5.6 6 0.68 2 0.23 5 0.56
VS1SP5250-1 275 31.1 120 13.6 50 5.6 6 0.68 2 0.23 5 0.56
VS1SP5300-1 275 31.1 120 13.6 50 5.6 6 0.68 2 0.23 5 0.56

VS1SP61-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56
VS1SP62-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56
VS1SP63-1B,4B,5B 12 1.36 12 1.36 12 1.36 4 0.45 2 0.23 5 0.56

A.3  Identifying the Drive by Model Number

Each drive can be identified by its model number, as shown in Figure A-1. The model number is on the shipping label and 
the drive nameplate. The model number includes the drive and any options. Drive model numbers for the VS1SP drive are 
provided in Tables A-3 and A-4.

Figure A-1   Drive Identification

VS1SP  2  1 5 -  1   B

Voltage Code
2 = 240VAC, 3PH
4 = 480VAC, 3PH
5 = 600VAC, 3PH
6 = 120/240VAC, 1PH

Power Rating

VS1SP V/Hz and Sensorless Vector Control

15 = 15 Hp

1 = NEMA 1
4 = NEMA 4X (White, Washdown, indoor use only)
5 = NEMA 4X/12 (Black, Dirty Duty, indoor use only)

T = Transistor
B = Both Resistor/Transistor
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A.4  Storage Guidelines

If you need to store the drive, follow these recommendations to prolong drive life and performance:

A.5  VS1SP Drive Ratings, Model Numbers and Frame Sizes

Similar VS1SP drive sizes are grouped into frame sizes to simplify re-ordering and dimensioning. Refer to Figure A-2 for the 
dimensions of each frame size. 
Table A-3 provides VS1SP drive ratings, model numbers and frame sizes.

Table A-3  Drive Ratings, Model Numbers and Frame Sizes – Standard 2.5 kHz PWM

Catalog No.
Input 
Volt

Frame 
Size

Standard 2.5 kHz PWM 

Constant Torque  Variable Torque

Input 
Amp 

Output Input
Amp

Output

HP KW IC IP HP KW IC IP

VS1SP21-1B,4B,5B 240 AA 4.2 1 0.75 4.2 7.4 6.8 2 1.5 6.8 7.8

VS1SP22-1B,4B,5B 240 AA 6.8 2 1.5 6.8 11.9 9.6 3 2.2 9.6 11

VS1SP23-1B,4B,5B 240 AA 9.6 3 2.2 9.6 16.8 15.2 5 3.7 15.2 17.5

VS1SP25-1B,4B,5B 240 AA 15.2 5 3.7 15.2 26.6 22 7 1/2 5.6 22 25.3

VS1SP27-1B,4B,5B 240 AA 22 7 1/2 5.6 22 38.5 22 7 1/2 5.6 22 32.2

VS1SP210-1B,4B,5B 240 B 28 10 7.5 28 49 42 15 11 42 48.3

VS1SP215-1B,4B,5B 240 B 42 15 11 42 74 54 20 15 54 62

VS1SP220-1B,4B,5B 240 B 54 20 15 54 95 68 25 18.7 68 78

VS1SP225-1B 240 C 68 25 18.7 68 119 80 30 22.4 80 92

VS1SP230-1B 240 C 80 30 22.4 80 140 104 40 30 104 120

VS1SP240-1B 240 C 104 40 29 104 182 104 40 30 104 120

VS1SP250-1B 240 D 130 50 37 130 228 154 50 37 154 177

VS1SP260-1B 240 D 154 60 44 154 270 154 50 37 154 177

VS1SP41-1B,4B,5B 480 AA 2.1 1 0.75 2.1 3.7 3.4 2 1.5 3.4 3.9

VS1SP42-1B,4B,5B 480 AA 3.4 2 1.5 3.4 6.0 4.8 3 2.2 4.8 5.5

VS1SP43-1B,4B,5B 480 AA 4.8 3 2.2 4.8 8.4 7.6 5 3.7 7.6 8.8

VS1SP45-1B,4B,5B 480 AA 7.6 5 3.7 7.6 13.3 11 7 1/2 5.6 11 12.7

VS1SP47-1B,4B,5B 480 AA 11 7 1/2 5.6 11 19.3 14 10 7.5 14 16.1

VS1SP410-1B,4B,5B 480 AA 14 10 7.5 14 24.5 14 10 7.5 14 16.1

VS1SP415-1B,4B,5B 480 B 21 15 11 21 37 27 20 15 27 33.8

VS1SP420-1B,4B,5B 480 B 27 20 15 27 47 34 25 18.5 34 42.5

VS1SP425-1B,4B,5B 480 B 34 25 18.5 34 60 40 30 22 40 50

VS1SP430-1B 480 C 40 30 22 40 70 52 40 30 52 60

VS1SP440-1B 480 C 52 40 30 52 91 65 50 37 65 75

VS1SP450-1B 480 C 65 50 37 65 114 77 60 45 77 89

VS1SP460-1B 480 D 77 60 44 77 135 96 75 56 96 110

VS1SP475-1B 480 D 96 75 56 96 168 124 100 75 124 143

VS1SP4100-1B 480 D 124 100 75 124 217 156 125 93 156 179

VS1SP4125-1B 480 D 156 125 93 156 273 156 125 93 156 179

Note: IC=Continuous Current Rating; IP=Peak Current Capability
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Table A-3  Drive Ratings, Model Numbers and Frame Sizes – Standard 2.5 kHz (Continued)  

Catalog No.
Input 
Volt

Frame 
Size

Standard 2.5 kHz PWM

Constant Torque Variable Torque

Input
Amp

Output Input
Amp

Output

Hp KW IC IP HP KW IC IP

VS1SP4150-1 480 E 180 150 112 180 315 240 200 149 240 276

VS1SP4200-1 480 E 240 200 149 240 420 302 250 187 302 347

VS1SP4250-1 480 E 302 250 187 302 529 361 300 224 361 415

VS1SP4300-1 480 F 361 300 224 361 632 414 350 261 414 476

VS1SP4350-1 480 F 414 350 261 414 725 477 400 298 477 549

VS1SP4400-1 480 F 477 400 298 477 835 534 450 336 534 614

VS1SP4450-1 480 F 534 450 336 534 935 590 500 373 590 679

VS1SP4500-1 480 F 590 500 373 590 1033 650 550 410 650 748

VS1SP51-1B,4B,5B 600 AA 1.7 1 0.75 1.7 3.0 2.7 2 1.5 2.7 3.1

VS1SP52-1B,4B,5B 600 AA 2.7 2 1.5 2.7 4.7 3.9 3 2.2 3.9 4.5

VS1SP53-1B,4B,5B 600 AA 3.9 3 2.2 3.9 6.8 6.1 5 3.7 6.1 7.0

VS1SP55-1B,4B,5B 600 AA 6.1 5 3.7 6.1 10.7 9 7 1/2 5.6 9 10.4

VS1SP57-1B,4B,5B 600 AA 9 7 1/2 5.6 9 15.8 11 10 7.5 11 12.7

VS1SP510-1B,4B,5B 600 AA 11 10 7.5 11 19.3 11 10 7.5 11 12.7

VS1SP515-1B,4B,5B 600 B 17 15 11 17 30 22 20 15 22 25.3

VS1SP520-1B,4B,5B 600 B 22 20 15 22 39 27 25 18.5 27 31

VS1SP525-1B,4B,5B 600 B 27 25 18 27 47 32 30 22 32 36.8

VS1SP530-1B 600 C 32 30 22 32 56 41 40 30 41 51

VS1SP540-1B 600 C 41 40 30 41 72 52 50 37 52 60

VS1SP550-1B 600 C 52 50 37 52 91 62 60 45 62 71

VS1SP560-1B 600 D 62 60 44 62 109 77 75 56 77 89

VS1SP575-1B 600 D 77 75 56 77 135 99 100 75 99 114

VS1SP5100-1B 600 D 99 100 75 99 173 125 125 93 125 144

VS1SP5125-1B 600 D 125 125 93 125 219 144 150 112 144 166

VS1SP5150-1 600 E 144 150 112 144 252 192 200 149 192 221

VS1SP5200-1 600 E 192 200 149 192 336 242 250 187 242 278

VS1SP5250-1 600 E 242 250 187 242 424 289 300 220 289 332

VS1SP5300-1 600 E 289 300 220 289 506 289 300 220 289 332

VS1SP61-1B,4B,5B 
120 AA 12 1 0.75 4.2 7.4 20 2 1.5 6.8 8.5

240 AA 6.3 1 0.75 4.2 7.4 10.2 2 1.5 6.8 8.5

VS1SP62-1B,4B,5B 
120 AA 20 2 1.5 6.8 11.9 30 3 2.2 9.6 12

240 AA 10.2 2 1.5 6.8 11.9 14.4 3 2.2 9.6 12

VS1SP63-1B,4B,5B 
120 AA 30 3 2.2 9.6 16.8 30 3 2.2 9.6 12

240 AA 14.4 3 2.2 9.6 16.8 14.4 3 2.2 9.6 12

Note: IC=Continuous Current Rating; IP=Peak Current Capability
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Table A-4  Drive Ratings, Model Numbers and Frame Sizes – Quiet 8.0 kHz PWM

Catalog No.
Input 
Volt

Size

Quiet 8.0 kHz PWM

Constant Torque Variable Torque

Input 
Amp 

Output Input
Amp 

Output

HP KW IC IP HP KW IC IP 

VS1SP21-1B,4B,5B 240 AA 4.2 1 0.75 4.2 7.4 4.2 1 0.75 4.2 4.8

VS1SP22-1B,4B,5B 240 AA 4.2 1 0.75 4.2 7.4 6.8 2 1.5 6.8 7.8

VS1SP23-1B,4B,5B 240 AA 6.8 2 1.5 6.8 11.9 9.6 3 2.2 9.6 11.0

VS1SP25-1B,4B,5B 240 AA 9.6 3 2.2 9.6 16.8 15.2 5 3.7 15.2 17.5

VS1SP27-1B,4B,5B 240 AA 15.2 5 3.7 15.2 26.6 22 7 1/2 5.6 22 25.3

VS1SP210-1B,4B,5B  240 B 22 7 1/2 5.6 22 39 28 10 7.5 28 32

VS1SP215-1B,4B,5B  240 B 28 10 7.5 28 49 42 15 11 42 48

VS1SP220-1B,4B,5B  240 B 42 15 11 42 74 54 20 15 54 62

VS1SP225-1B 240 C 54 20 15 54 95 68 25 18.7 68 78

VS1SP230-1B 240 C 68 25 18.7 68 119 80 30 22.4 80 92

VS1SP240-1B 240 C 80 30 22.4 80 140 104 40 30 104 120

VS1SP250-1B 240 D 104 40 29 104 182 130 50 37 130 167

VS1SP260-1B 240 D 130 50 37 130 228 154 60 44 154 177

VS1SP41-1B,4B,5B 480 AA 2.1 1 0.75 2.1 3.7 2.1 1 0.75 2.1 2.4

VS1SP42-1B,4B,5B 480 AA 2.1 1 0.75 2.1 3.7 3.4 2 1.5 3.4 3.9

VS1SP43-1B,4B,5B 480 AA 3.4 2 1.5 3.4 6.0 4.8 3 2.2 4.8 5.5

VS1SP45-1B,4B,5B 480 AA 4.8 3 2.2 4.8 8.4 7.6 5 3.7 7.6 8.8

VS1SP47-1B,4B,5B 480 AA 7.6 5 3.7 7.6 13.3 11 7 1/2 5.6 11 12.7

VS1SP410-1B,4B,5B 480 AA 11 7 1/2 5.6 11 19.3 14 10 7.5 14 17.5

VS1SP415-1B,4B,5B  480 B 14 10 7.5 14 24.5 21 15 11 21 24.2

VS1SP420-1B,4B,5B  480 B 21 15 11 21 36.8 27 20 15 27 31

VS1SP425-1B,4B,5B  480 B 27 20 15 27 47 34 25 18.5 34 39

VS1SP430-1B 480 C 34 25 18.7 34 60 40 30 22 40 46

VS1SP440-1B 480 C 40 30 22.4 40 70 52 40 30 52 60

VS1SP450-1B 480 C 40 30 22.4 40 70 52 40 30 52 60

VS1SP460-1B 480 D 65 50 37 65 114 77 60 44 77 89

VS1SP475-1B 480 D 77 60 44 77 135 96 75 56 96 110

VS1SP4100-1B* 480 D 96 75 56 96 168 124 100 75 124 143

VS1SP4125-1B* 480 D 124 100 75 124 217 156 125 93 156 179

VS1SP4150-1 480 E 156 125 93 156 273 180 150 112 180 225

VS1SP4200-1 480 E 180 150 112 180 315 240 200 149 240 300

VS1SP4250-1 480 E 180 150 112 180 315 240 200 149 240 300

VS1SP4300-1 480 F 240 200 149 240 420 302 250 186 302 347

VS1SP4350-1 480 F 302 250 186 302 529 361 300 224 361 415

VS1SP4400-1 480 F 361 300 224 361 632 414 350 261 414 476

VS1SP4450-1 480 F 414 350 261 414 725 477 400 298 477 549

VS1SP4500-1 480 F 477 400 298 477 835 534 450 336 534 614

VS1SP51-1B,4B,5B 600 AA 1.3 0.75 0.56 1.3 2.3 1.7 1 0.75 1.7 2.0

VS1SP52-1B,4B,5B 600 AA 1.7 1 0.75 1.7 3.0 2.7 2 1.5 2.7 3.1

VS1SP53-1B,4B,5B 600 AA 2.7 2 1.5 2.7 4.7 3.9 3 2.2 3.9 4.5

*Note:  Quiet rating for these drives is at 5KHz PWM
 Note:  IC =Continuous current rating, IP= Peak Current Capability 
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Table A-4  Drive Ratings, Model Numbers and Frame Sizes – Quiet 8.0 kHz PWM (Continued) 

Catalog No.
Input 
Volt

Size

Quiet 8.0 kHz PWM

Constant Torque Variable Torque

Input 
Amp 

Output Input
Amp 

Output

HP KW IC IP HP KW IC IP 

VS1SP55-1B,4B,5B 600 AA 3.9 3 2.2 3.9 6.8 6.1 5 3.7 6.1 7.0

VS1SP57-1B,4B,5B 600 AA 6.1 5 3.7 6.1 10.7 9 7.5 5.6 9 10.4

VS1SP510-1B,4B,5B 600 AA 9 7.5 5.6 9 15.8 9 7.5 5.6 9 10.4

VS1SP515-1B 600 B 11 10 7.5 11 19.3 17 15 11 17 19.6

VS1SP515-4B,5B 600 B 11 10 7.5 11 19.3 11 10 7.5 11 13.8

VS1SP520-1B  600 B 17 15 11 17 30 22 20 15 22 25 

VS1SP520-4B,5B  600 B 11 10 7.5 11 19.3 11 10 7.5 11 13.8

VS1SP525-1B 600 B 22 20 15 22 39 27 25 18.5 27 31 

VS1SP525-4B,5B  600 B 11 10 7.5 11 19.3 11 10 7.5 11 13.8 

VS1SP530-1B 600 C 

VS1SP540-1B 600 C 

VS1SP550-1B 600 C 

VS1SP560-1B* 600 D 52 50 37 52 91 62 60 44 62 71 

VS1SP575-1B* 600 D 62 60 44 62 109 77 75 56 77 89 

VS1SP5100-1B* 600 D 77 75 56 77 135 99 100 75 89 114 

VS1SP5125-1B* 600 D 99 100 75 99 173 125 125 93 125 144 

VS1SP5150-1* 600 E 125 125 93 125 219 144 150 112 144 166

VS1SP5200-1* 600 E 144 150 112 144 252 192 200 149 192 221

VS1SP5250-1* 600 E 192 200 150 192 336 242 250 187 242 278

VS1SP5300-1* 600 E 192 200 150 192 336 242 250 187 242 278

VS1SP61-1B,4B,5B 
120 AA 10 0.75 0.56 3.2 6.4 12 1 0.75 4.2 5.3 

240 AA 4.8 0.75 0.56 3.2 6.4 6.3 1 0.75 4.2 5.3 

VS1SP62-1B,4B,5B 
120 AA 12 1 0.75 4.2 8.4 20 2 1.5 6.8 8.5 

240 AA 6.3 1 0.75 4.2 8.4 10.2 2 1.5 6.8 8.5 

VS1SP63-1B,4B,5B 
120 AA 20 2 1.5 6.8 13.6 30 3 2.2 9.6 12 

240 AA 10.2 2 1.5 6.8 13.6 14.4 3 2.2 9.6 12 

*Note: Quiet rating for these drives is at 5KHz PWM
 Note: IC=Continuous current rating; IP=Peak Current Capability
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A.6  VS1SP Terminal Wire Gauge Specification

Table A-5 specifies the wire gauge allowed for each terminal in the drives.

Catalog Number
Power
AWG

Min-Max

B+/R1, R2 & B-
AWG

Min-Max

Ground
AWG

Min-Max

TH1/TH2
D1/D2

(E and F-Frames Only)
AWG

Min-Max

Control J1, J2 
& P3
AWG

Min-Max

Control J3
AWG

Min-Max

VS1SP21-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP22-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP23-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP25-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP27-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP210-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP215-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP220-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP225-1B 8-1 8-1 8-1 24-14 30-14 28-12

VS1SP230-1B 8-1 8-1 8-1 24-14 30-14 28-12

VS1SP240-1B 8-1 8-1 8-1 24-14 30-14 28-12

VS1SP250-1B 14-3/0 14-2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP260-1B 14-3/0 14-2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP41-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP42-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP43-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP45-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP47-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP410-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP415-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP420-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP425-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP430-1B 8-1 8-1 8-1 24-14 30-14 28-12

VS1SP440-1B 8-1 8-1 8-1 24-14 30-14 28-12

VS1SP450-1B 8-1 8-1 8-1 24-14 30-14 28-12

VS1SP460-1B 14-3/0 14-2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP475-1B 14-3/0 14-2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP4100-1B 14-3/0 14-2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP4125-1B 14-3/0 14-2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP4150-1 (2) 1/0 – 250 
kcmil (4) 14-2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP4200-1 (2) 1/0 – 250 
kcmil (4) 14-2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP4250-1 * (2) 1/0 – 
250 kcmil (4) 14-2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP4300-1 (2) 2 – 600
kcmil (4) 6–3/0 (4) 2/0-500

kcmil 22-10 30-14 28-12

VS1SP4350-1 (2) 2 – 600
kcmil (4) 6–3/0 (4) 2/0-500

kcmil 22-10 30-14 28-12

VS1SP4400-1 (2) 2 – 600
kcmil (4) 6–3/0 (4) 2/0-500

kcmil 22-10 30-14 28-12

* Power Connections for VS1SP4250-1 are via 3/8–16 studs.

Table A-5  Terminal Wire Gauge Specification
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Catalog Number
Power
AWG

Min-Max

B+/R1, R2 & B-
AWG

Min-Max

Ground
AWG

Min-Max

TH1/TH2
D1/D2

(E and F-Frames Only)
AWG

Min-Max

Control J1, J2 
& P3
AWG

Min-Max

Control J3
AWG

Min-Max

VS1SP4450-1T (2) 
2 – 600kcmil (4) 6–3/0 (4) 

2/0-500kcmil 22-10 30-14 28-12

VS1SP4500-1 (2) 
2 – 600kcmil (4) 6–3/0 (4) 

2/0-500kcmil 22-10 30-14 28-12

VS1SP51-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP52-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP53-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP55-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP57-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP510-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP515-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP520-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP525-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP530-1B 8-1 8-1 8-1 24-14 30-14 28-12

VS1SP540-1B 8-1 8-1 8-1 24-14 30-14 28-12

VS1SP550-1B 8-1 8-1 8-1 24-14 30-14 28-12

VS1SP560-1B 14-3/0 14-2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP575-1B 14-3/0 14-2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP5100-1B 14-3/0 14-2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP5125-1B 14-3/0 14-2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP61-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP62-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP63-1B,4B,5B 18-6 18-6 18-6 24-14 30-14 28-12

VS1SP5150-1 (2) 1/0 - 250 
kcmil (4) 14 - 2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP5200-1 (2) 1/0 - 250 
kcmil (4) 14 - 2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP5250-1 (2) 1/0 - 250 
kcmil (4) 14 - 2/0 (4) 14-2/0 26-10 30-14 28-12

VS1SP5300-1 (2) 1/0 - 250 
kcmil (4) 14 - 2/0 (4) 14-2/0 26-10 30-14 28-12

Table A-5  Terminal Wire Gauge Specification Continued
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A.7  Drive Dimensions and Weights

Figure A-2   Drive Dimensions and Weights

 

   Size      # Holes         Diameter inches (mm)

AA             4                    0.87       (22)

OM2000A01

   Size        # Holes            Diameter inches (mm)
 3                     1.115     (28.3)
 3                     1.362     (34.6)

3                     1.115     (28.3)
3                     1.68       (42)

2                     2.47       (62.7)
1                     1.362     (34.6)
1                     0.5         (12.7)
3                     1.115     (28.3)

B

C

D

E

Size B, C, and D

OM2000A00, 02, 04

2                     4.0         (102)
1                     1.68       (43)
1                     0.5         (12.7)

Size AA

Exhaust
A

A1

B C 0.25
(6.35)
  dia.

 0.25
(6.35)
  dia.

B1

0.35
(8.9)

B C

Exhaust

A

A1

B1
 0.35 (8.9)

F                                GLAND PLATE PROVIDED
                                  (BOTTOM ENTRY)

CONDUIT INFORMATION

 3                     1.109     (28.2)
 2                     1.375     (34.9)B-N4X

3                     1.115     (28.3)

Size

Dimensions  inches (mm)
Weight

Outside Mounting

Height (A) Width (B) Depth (C) Height (A1) Width (B1) Width (B2) lb (kg)

AA 12.27 (311) 7.97 (202) 8.21 (208) 11.75 (298) 7.38 (187) - 20 (9.1)

B 18.00 (457) 9.10 (231) 9.75 (248) 17.25 (438) 7.00 (178) - 30 (13.6)

B-N4X 17.50 (444) 10.73 (273) 10.47 (266) 16.50 (419) 7.88 (200 9.76 248)

C 22.00 (559) 9.10 (231) 9.75 (248) 21.25 (540) 7.00 (178) - 60 (27.2)

D 28.00 (711) 11.50 (292) 13.00 (330) 27.25 (692) 9.50 (241) - 120 (54.4)

E 42.81 (1087) 18.75 (476) 16.05 (407) 39.75 (1010) 15.75 (400) - 250 (113.4)

  F** 86.56 (2199) 31.78 (807) 24.59 (625) FLOOR MOUNT - 915 (415)*

*VS1SP4300-1 weighs 825 lbs. (374kg); all other models are 915 lbs. (415kg).
**Frame Size F drives are supplied as standard for bottom entry of conduits. Top entry styles are available in a wider cabinet. 
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            OM2000A11

Size B NEMA 4X  

Figure A-2  Drive Dimensions and Weights Continued
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18.75 [476]

16.05 [408]

39.75 [1010]

15.75 [400]

.40 [10]

41.00 [1041]

42.81 [1087]

Size E

OM2000A05

Figure A-2  Drive Dimensions and Weights Continued
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Figure A-2  Drive Dimensions and Weights Continued

31.78 [807]

81.81 [2078]

86.56 [2199]

23.70 [602]

24.59 [625]

13.80 [350]

4.75 [121]

          
              
              OM2000A07
       Size F
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Appendix B
Parameter Tables  

B.1  Level 1 Parameters (Advanced Prog, Level 1 Blocks)

All parameters displayed in this appendix are Parameter Table 1 (T1) factory set values. Setting parameter P2103 to yes will 
load these values into all four parameter tables. Level 1 & 2 parameters are secured by security access code (P2107). 

Table B-1  Parameter Block Values Level 1

Block Title Parameter P# Adjustable Range Factory User Setting

PRESET SPEEDS PRESET SPEED 1 1001 0 - MAX Speed Hz 1

PRESET SPEED 2 1002 0 - MAX Speed Hz 2

PRESET SPEED 3 1003 0 - MAX Speed Hz 3

PRESET SPEED 4 1004 0 - MAX Speed Hz 4

PRESET SPEED 5 1005 0 - MAX Speed Hz 5

PRESET SPEED 6 1006 0 - MAX Speed Hz 6

PRESET SPEED 7 1007 0 - MAX Speed Hz 7

PRESET SPEED 8 1008 0 - MAX Speed Hz 8

PRESET SPEED 9 1009 0 - MAX Speed Hz 9

PRESET SPEED 10 1010 0 - MAX Speed Hz 10

PRESET SPEED 11 1011 0 - MAX Speed Hz 11

PRESET SPEED 12 1012 0 - MAX Speed Hz 12

PRESET SPEED 13 1013 0 - MAX Speed Hz 13

PRESET SPEED 14 1014 0 - MAX Speed Hz 14

PRESET SPEED 15 1015 0 - MAX Speed Hz 15

RAMP RATES ACCEL TIME 1 1101 0.0 to 3600.0 Seconds 3.0 

START S-ACC 1 1102 0.0 to 100.0% 0.0 

END S-ACC 1 1103 0.0 to 100.0% 0.0 

DECEL TIME 1 1104 0.0 to 3600.0 Seconds 3.0 

START S-DEC 1 1105 0.0 to 100.0% 0.0 

END S-DEC 1 1106 0.0 to 100.0% 0.0 

ACCEL TIME 2 1107 0.0 to 3600.0 Seconds 3.0 

START S-ACC 2 1108 0.0 to 100.0% 0.0 

END S-ACC 2 1109 0.0 to 100.0% 0.0 

DECEL TIME 2 1110 0.0 to 3600.0 Seconds 3.0 

START S-DEC 2 1111 0.0 to 100.0% 0.0 

END S-DEC 2 1112 0.0 to 100.0% 0.0 

PL DEC TIME 1113 0.0 to 3600.0 Seconds 1.0

JOG SETTINGS JOG SPEED 1201 0 - MAX Speed Hz 7 

JOG ACCEL TIME 1202 0.0 to 3600.0 Seconds 10.0 

JOG START S-ACC 1203 0.0 to 100.0% 0.0 

JOG END S-ACC 1204 0.0 to 100.0% 0.0 

JOG DECEL TIME 1205 0.0 to 3600.0 Seconds 10.0 

JOG START S-DEC 1206 0.0 to 100.0% 0.0 

JOG END S-DEC 1207 0.0 to 100.0% 0.0 

JOG FORWARD 1209 0-Off 
1-On 

1 

JOG REVERSE 1210 0-Off
1-On 

1 
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Block Title Parameter P# Adjustable Range Factory User Setting

KEYPAD SETUP STOP KEY 1301 0-Off (Keypad Stop inactive in 
           remote). 
1-On (Keypad Stop active in 
           remote). 

1

STOP MODE 1302 0-Regen
1-Coast 

0 

RUN FORWARD 1303 0-Off 
1-On 

1 

RUN REVERSE 1304 0-Off 
1-On 

1 

SWITCH ON FLY (LOCAL REMOTE 
KEY)

1305 0-Off 
1-On 

0 

LOCAL HOT START 1306 0-Off 
1-On 

0 

SPEED INCREMENT 1307 1 to 1800 RPM or 0.01 to 60 Hz 1 

INIT LOCAL SPEED 1308 0-Zero
1-Last Speed 
2-Set Speed 

0

SET SPEED 1309 0 - MAX Speed 1 

PARAMS TO KEYPAD 1310 0-Off
1-On 

0 

DOWNLOAD SELECT 1311 0-All
1-Motor
2-Other 

0 

KEYPAD TO PARAMS 1312 0-No
1-Yes 

0 

KEYPAD CONTRAST 1313 0 - 100% (0=dimmest,             
                 100=brightest) 

50 

BACKLIGHT 1314 0-Off
1-On 

1 

[1] LOC TORQUE MODE 1315 0-Off
1-On 

0 

[1] LOC TORQUE REF 1316 -100.00 to 100.00% 0.00 

INPUT SETUP OPERATING MODE 1401 0-Keypad 
1-Standard Run 2Wire
2-Standard Run 3Wire
3-15 Preset Speeds 
4-Fan & Pump 2Wire 
5-Fan & Pump 3Wire 
6-Process Control 
7-3Spd Ana 2Wire 
8-3Spd Ana 3Wire 
9-E-Pot 2Wire 
10-E-Pot 3Wire 
11-Network 
12-Profile Run
14-Bipolar 
15-Pulse Follower 
16-PLC 

0

[1] Only available or active in Open Vector mode. Ignore these parameters for V/F mode.

Table B-1  Parameter Block Values Level 1 (Cont.) 
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Block Title Parameter P# Adjustable Range Factory User Setting

INPUT SETUP 
(Continued)

COMMAND SOURCE 1402 0-None 
1-Analog In1 
2-Analog In2 
3-Keypad
4-Network 
5-Composite Ref 
6-Opt1 Ana In1
7-Opt1 Ana In2
8-Opt2 Ana In1
9-Opt2 Ana In2
10-EXB Pulse Foll

1

ANA IN1 TYPE 1403 0-None
1-Potentiometer 

1 

ANA IN1 INVERT 1404 0-Off
1-On

0 

ANA IN1 GAIN 1405 0.0% to 300.0% 100.0 

ANA IN1 OFFSET 1406 -100.0% to 100.0% 0.0 

ANA IN1 FILTER 1407 0 (No Filter) to 6 (Max Filter) 0 

ANA IN2 TYPE 1408 0-None 
1-(-10V to +10V) 
2-(-5V to +5V) 
3-(4 to 20mA) 
4-(0 to 20mA)
5-(0 to 10V) 
6-(0 to 5V)

1

ANA IN2 INVERT 1409 0-Off
1-On 

0 

ANA IN2 GAIN 1410 0.0% to 300.0% 100.0 

ANA IN2 OFFSET 1411 -100.0% to 100.0% 0.0 

ANA IN2 D.BAND 1412 0.0% to 75.0% 0.0 

ANA IN2 FILTER 1413 0 (No Filter) to 6 (Max Filter) 0 

EXT. CUR LIMIT [1] 1414 0-Off
1-On 

0 

CURR LMT SOURCE [1] 1415 0-None
1-Analog In1
2-Analog In2
3-Keypad
4-Composite Ref
5-Opt1 Ana In1
6-Opt1 Ana In2
7-Opt2 Ana In1 
8-Opt2 Ana In2
9-Network

0 

SLEEP MODE 1416 0-Off
1-On 

0 

CMD SLEEP BAND 1417 0.00 to 100.00% 0.00 

TORQUE FF SRC [1] 1418 0-None 
1-Analog In1
2-Analog In2 
3-Keypad 
4-Composite Ref 
5-Opt1 Ana In1
6-Opt1 Ana In2
7-Opt2 Ana In1
8-Opt2 Ana In2

0

[1] Only available or active in Open Vector mode. Ignore these parameters for V/F mode. 

Table B-1  Parameter Block Values Level 1 (Cont.) 
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Block Title Parameter P# Adjustable Range Factory User Setting

OUTPUT SETUP DIGITAL OUTPUT 1 1501 0-Drive Run 
1-Drive Ready 
2-Drive On 
3-Drive Stopped 
4-Jog 
5-Accelerate 
6-Constant Speed 
7-Decelerate 
8-At Zero Speed 
9-At Speed 
10-At Set Speed 
11-Curr Overload
12-Curr Underload
13-I2T Overload 
14-Keypad Control 
15-Dynamic Brake 
16-Foldback 
17-Fault 
18-Alarm 
19-Command Forward
20-Command Reverse 
21-Motor Forward 
22-Motor Reverse 
23-Process Error 
24-Network 
25-At Position 
26-In Motion 
27-PLC 
28-RTC 
29-Powered Up
30-Par Tbl Switch
31-Heater

1

DIGITAL OUTPUT 2 1502 8

RELAY OUTPUT 1 1503 9

RELAY OUTPUT 2 1504 17

ZERO SPD SET PT 1505 0 - MAX Speed 6.00 

AT SPD BAND 1506 0 - MAX Speed 2.00

SET SPEED POINT 1507 0 - MAX Speed 60.0

OVERLOAD SET PT 1508 0.0 - 200.0% 150.0 

UNDERLOAD SET PT 1509 0.0 - 200.0% 50.0 

ANA OUT1 TYPE 1510 0-(0 to +10V)
1-(0 to 5V)
2-(4mA to 20mA)
3-(0mA to 20mA) 

0

Table B-1  Parameter Block Values Level 1 (Cont.) 
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Block Title Parameter P# Adjustable Range Factory User Setting

OUTPUT SETUP 
(Continued)

ANALOG OUT1 SIGNAL 1511 0-Speed Ref 
1-Speed Demand 
2-ACC/DEC 
3-Motor Current 
4-Mag Current 
5-Mag Curr Cmd 
6-Load Current
7-Load Curr Cmd 
8-Power Factor
9-Ph1 Current 
10-Ph2 Current 
11-Ph3 Current 
12-Motor Voltage 
13-VD Demand 
14-VQ Demand 
15-Bus Voltage 
16-Est. Abs Torque 
17-Est. Torque 
18-Control Temp
19-Analog In1 
20-Analog In2 
21-Opt1 Ana In1 
22-Opt1 Ana In2 
23-Opt2 Ana In1 
24-Opt2 Ana In2 
25-Proc Feedforward 
26-Proc Feedback 
27-Proc Setpoint 
28-Electric Angle 
29-Abs Speed 
30-Velocity 
31-Network 
32-Composite Ref 
33-Power (kW) 
34-Calibrate 

29

ANALOG OUT2 SIGNAL 1514 3

ANA OUT1 GAIN 1512 0.0 - 500.0% 100.0

ANA OUT2 TYPE 1513 0-(+/-5V)
1-(+/-10V)

1

ANA OUT2 GAIN 1515 0.0 - 500.0% 100.0

CAL ANA OUT 1516 -100.0% to 100.0% 0.0

MOTOR
CONTROL

CONTROL TYPE 1601 0-V/F Control
1-Open Vector

0

CNTL BASE SPEED [3] 1602 0 - MAX Speed Motor 
Rated 
Speed 
(P2403) 

CNTL BASE VOLT [2] [3] 1611 0 - Drive Rated Voltage CALC 

STATIC BOOST [2] [3] 1612 0.0 - 15.0% 0.0 

DYN BOOST CUTIN [2] [3] 1613 6.00 - 60.00 Hz 30.00

DYNAMIC BOOST [2] [3] 1614 0.0 - 10.0% 0.0

V/F EFFICIENCY [2] [3] 1615 0-Off
1-On

0

V/F PROFILE [2] [3] 1616 0.0 - 100.0% 0

CUSTOM V/F CURVE [2] [3] 1617 0-Off
1-3 Point
2-7 Point

0

3 POINT VOLTAGE [2] [3] 1618 0.0 - 100.0% 50.0

[2] Only available or active in V/F mode. Ignore these parameters for Open Vector mode.
[3] Motor related parameters (see parameter P1311).

Table B-1  Parameter Block Values Level 1 (Cont.) 
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Block Title Parameter P# Adjustable Range Factory User Setting

MOTOR
CONTROL 
(Continued)

3 POINT FREQ [2] [3] 1619 0.00 - MAX Speed 30.00

SLIP COMP ENABLE [2] [3] 1620 0-Off
1-On 

0 

7 POINT FREQ 1 [2] [3] 1621 0 - MAX Speed 10

7 POINT VOLT 1 [2] [3] 1622 0.0 - 100.0% 16.7

7 POINT FREQ 2 [2] [3] 1623 0 - MAX Speed 20

7 POINT VOLT 2 [2] [3] 1624 0.0 - 100.0% 33.3

7 POINT FREQ 3 [2] [3] 1625 0 - MAX Speed 30

7 POINT VOLT 3 [2] [3] 1626 0.0 - 100.0% 50.0

7 POINT FREQ 4 [2] [3] 1627 0 - MAX Speed 40

7 POINT VOLT 4 [2] [3] 1628 0.0 - 100.0% 66.7

7 POINT FREQ 5 [2] [3] 1629 0 - MAX Speed 50

7 POINT VOLT 5 [2] [3] 1630 0.0 - 100.0% 83.3

CURR PROP GAIN [1] [3] 1633 0 - 150.00 CALC 

CURR INT GAIN [1] [3] 1634 0.0 - 3000.00 Hz 150.00 

SPEED PROP GAIN [1] [3] 1635 0.0 - 1000.0 5.00 

SPEED INT GAIN [1] [3] 1636 0.00 - 1000.00 Hz 10.00 

SPEED DIFF GAIN [1] [3] 1637 0.00 - 1.00 0.00 

A.S. PROP GAIN [1] 1639 0.0 - 255.0 10.0

A.S. INT GAIN [1] 1640 0.00 - 200.00 Hz 50.0

MOTOR Xm [1] [3] 1641 0.00 - 1000.00 Ohms CALC

MOTOR R1 [3] 1642 0.00 - 1000.00 Ohms 0

MOTOR X1 [1] [3] 1643 0.000 - 1000.000 Ohms CALC

ROTOR TIME CONST [3] 1644 0.000 - 60.000 seconds CALC

MOTOR R2 [1] [3] 1645 0 - 1000 Ohms CALC

MOTOR X2 [1] [3] 1646 0-1000 Ohms CALC

TRICKLE HEAT AMPS 1678 0.0 - 50.0% of Motor Rated Amps 0.0

COMMUNI-
CATION

BAUD RATE 1701 0-9600
1-19200
2-38400
3-56000
4-115200

1

PARITY 1702 0-None 
1-Odd 
2-Even

0

STOP BITS 1703 0-One 
1-Two

0

DRIVE ADDRESS 1704 1 - 247 1

OPTION CARD RESET 1705 0-Off 
1-Slot 1 
2-Slot 2 
3-Slots 1 & 2

0

SECURITY DEFAULT 1706 0-No 
1-Yes

0

BROWSER USER ID 1707 ASCII user ID for the Ethernet 
Web Brower Option Board

baldor

[1] Only available or active in Open Vector mode. Ignore these parameters for V/F mode. 
[2] Only available or active in V/F mode. Ignore these parameters for Open Vector mode.
[3] Motor related parameters (see parameter P1311).

Table B-1  Parameter Block Values Level 1 (Cont.) 
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Block Title Parameter P# Adjustable Range Factory User Setting

COMMUNI-
CATION 

(Continued)

BROWSER USER ID 1708 ASCII user ID for the Ethernet 
Web Brower Option Board

baldor

BROWSER PASSWORD 1709 Password for the Ethernet Web 
Brower Option Board

baldor

BROWSER PASSWORD 1710 Password for the Ethernet Web 
Brower Option Board

baldor

Table B-1  Parameter Block Values Level 1 (Cont.) 
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B.2  Level 2 Parameters (Advanced Prog, Level 2 Blocks)

Table B-2  Parameter Block Values Level 2

Block Title Parameter P# Adjustable Range Factory User 
Setting

DRIVE LIMITS OPERATING ZONE [3] 2001 0-Std Const Torq
1-Std Var Torq
2-Quiet Const Torq
3-Quiet Var Torq

0

MIN OUTPUT SPEED [3] 2002 0 - MAX Speed Hz 0

MAX OUTPUT SPEED [3] 2003 10 - 500 Hz Rated 
Motor 
Speed

PWM FREQUENCY [3] 2004 1500 to 16000 Hz 2500

CURR RATE LIMIT [1] [3] 2005 0.000 - 10.000 seconds 0.004

PEAK CURR LEVEL [3] 2006 0 - Peak Rated Current CALC

REGEN TORQ LIMIT [3] 2007 0.0 - Drive Rated Peak Current in 
amps

CALC

REGEN ADJUST [2] [3] 2008 0 - 500 Hz/Sec 0

DRIVE 
CONFIGURE

SPEED UNITS 2101 0-Hz
1-RPM

0

LANGUAGE SELECT 2102 0-English
1-Other (Spanish, German, Italian,     
               French, or Portuguese)

0

FACTORY SETTINGS 2103 0-No
1-Yes

0

SECURITY 2105 0-Off
1-Local
2-Network
3-Total

0

ACCESS TIMEOUT 2106 1.0 - 600.0 seconds 5.0

ACCESS CODE 2107 0 - 9999 9999

ACTIVE PARAM TBL 0052 0-T1
1-T2
2-T3
3-T4

0

CLEAR FAULT LOG 2108 0-No
1-Yes

0

DEAD TIME COMP [2] 2109 0 to 100.0% 100.0

POWER INPUT 2110 0-Single Phase
1-Common Bus Slave
2-Three Phase
3-Common Bus Master

2

BUS VOLT FILTER [2] 2111 0.10 - 1000.00 Hz 10.00

EXECUTE MACRO 2112 0-No
1-M1
2-M2
3-M3
4-M4
5-M5

0

UNDO MACRO 2113 0-No
1-Yes

0

[1] Only available or active in Open Vector mode. Ignore these parameters for V/F mode. 
[2] Only available or active in V/F mode. Ignore these parameters for Open Vector mode.
[3] Motor related parameters (see parameter P1311).
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Block Title Parameter P# Adjustable Range Factory User 
Setting

DRIVE 
CONFIGURE 
(Continued)

TORQ ENABLE SEQ 2114 0-Torque on Enable
1-Torque on Command

0

DRIVE PROTECT EXTERNAL TRIP 2201 0-Off
1-On

0

FOLLOWING ERROR [1] 2202 0-Off
1-On

0

TORQUE PROVING [1] 2203 0-Off
1-On

0

FOLDBACK GAIN [2] [3] 2205 0.000 - 10.000 0.010

OVERLOAD 2206 0-Fault
1-Foldback
2-Hold

0

OVERLOAD TRIGGER [2] [3] 2207 0.0 - 100.0% 50.0

SINGLE PHASING [4] 2209 0-Derate
1-Fault

1

OVER TEMPERATURE 2210 0-Derate
1-Fault

1

PWR DOWN OPTIONS 2211 0-Fault
1-Ride Through

0

CNTL STP BUS LVL 2212 200 to 800V CALC

CNTL STOP DELAY 2213 0 to 3600.0 seconds 1.0

Kp RIDE THROUGH 2214 0 to 1000.0000 10.0000

Ki RIDE THROUGH 2215 0 to 1000.0000 0

MISCELLA-
NEOUS

AUTO RESTART 2301 0-Manual
1-At Power Up 
3-Both

1

RESTARTS/HOUR 2302 0 - 10 3

RESTART DELAY 2303 0 - 3600 seconds 3

PWM TECHNIQUE 2304 0-Space Vector
1-Sine Triangle

1

COST OF ENERGY 2305 0.00 - 99999.00$/KWH 0.10

RESET ENERGY 2306 0-No
1-Yes

0

FILTER TYPE 2309 0-None
1-Low Pass
2-High Pass
3-Notch

0

FILTER SOURCE 2310 0-None
1-Raw Speed
2-Torque
3-Analog In1
4-Analog In2
5-Composite Ref
6-Opt1 Ana In1
7-Opt1 Ana In2
8-Opt2 Ana In1
9-Opt2 Ana In2

0

[1] Only available or active in Open Vector mode. Ignore these parameters for V/F mode.
[2] Only available or active in V/F mode. Ignore these parameters for Open Vector mode.
[3] Motor related parameters (see parameter P1311).
[4] Not available for size AA controls.

Table B-2  Parameter Block Values Level 2 (Cont.)
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Block Title Parameter P# Adjustable Range Factory User 
Setting

MISCELLA-
NEOUS 

(Continued)

FILTER DESTINATION 2311 0-None 
1-Speed Loop
2-Torque Loop 
3-Speed FFWD
4-Process FBK
5-Process FFWD 
6-Process SP

0

FILTER CUTOFF 2312 0.00 - 1000.00 Hz 0.00

NOTCH CNTR FREQ 2313 0.00 - 500.00 Hz 0.00

NOTCH BAND 2314 0.00 - 200.00 Hz 0.00

MOTOR DATA MOTOR RATED VOLT [3] 2401 0 - 1000 Volts CALC

MOTOR RATED AMPS [3] 2402 0 - MAX AMPS CALC

MOTOR RATED SPD [3] 2403 0 - 30000 RPM 1754

MOTOR RATED FREQ [3] 2404 10.00 - 500.00 60.00

MOTOR MAG AMPS [3] 2405 0 - 90% MAX AMPS CALC

INSTABILITY FREQ [2] [3] 2406 0.00 - 500.00 Hz 0.00

STABILITY GAIN [2] [3] 2407 0.000 - 10.000 0.000

ELEC SLIP FREQ [3] 2412 0.000 - 20.000 Hz CALC

CALC MOTOR MODEL 2414 0-No
1-Yes

0

REVERSE ROTATION [3] 2415 0-Off
1-On

0

MOTOR RATED HP [3] 2416 0 - 4 times Drive Rated HP CALC

BRAKE ADJUST RESISTOR OHMS [3] 2501 0 - 255.0 Ohms CALC

RESISTOR WATTS [3] 2502 0 - 999999 W CALC

RESISTOR TTC [3] 2503 20 - 3600 seconds CALC

DC BRAKE VOLTS [2] 2504 0 - 20.00% 0.00

DC BRAKE TRIGGER [2] 2505 0.00 - 50.0 Hz 0.00

BRAKE ON STOP [2] 2506 0-Off
1-On

0

BRAKE ON REVERSE [2] 2507 0-Off
1-On

0

STOP BRAKE TIME [2] 2508 0.0 - 60.0 seconds 0.0

BRAKE ON START [2] 2509 0-Off
1-On

0

START BRAKE TIME [2] 2510 0.0 - 60.0 seconds 0.0

PROCESS 
CONTROL

PROCESS TYPE 2601 0-None
1-Forward Acting
2-Reverse Acting

0

SETPOINT ADJ LIM 2602 0.0 - 100.0% 10.0

[2] Only available or active in V/F mode. Ignore these parameters for Open Vector mode.
[3] Motor related parameters (see parameter P1311).

Table B-2  Parameter Block Values Level 2 (Cont.)
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Block Title Parameter P# Adjustable Range Factory User 
Setting

PROCESS 
CONTROL 
(Continued)

PROCESS FEEDBACK 2603 0-None 
1-Setpoint Cmd 
2-Local Speed Ref
3-Analog In1 
4-Analog In2 
5-Network
6-Composite Ref
7-Opt1 Ana In1 
8-Opt1 Ana In2 
9-Opt2 Ana In1
10-Opt2 Ana In2 

0

SETPOINT SOURCE 2604 0

SETPOINT COMMAND 2605 -100.0% to +100.0% 0.0

PROC ERR TOL 2606 0.0 - 100.0% 10.0

PROC PROP GAIN 2607 0.0000 - 9999.9990 1.0000

PROC INTG GAIN 2608 0.0000 - 9999.9990 0.0000

PROC INTG CLAMP 2609 0.0 - 100.0% 100.0

PROC DIFF GAIN 2610 0.0000 - 9999.9990 0.0000

PROFILE ADJUST 2611 0-Off
1-On

0

PROFILE ADJ BAND 2612 0.0 - 200.0% 50.0

PROC SLEEP BAND 2613 0.0 - 100.0% 0.0

PROC OUT FILTER 2614 0.0 - 100.0 seconds 0.00

PROC OUT OFFSET 2615 -100.0 to 100.0% 0.0

PROC OUT GAIN 2616 0.0 - 200.0% 100.0

SKIP 
FREQUENCY

SKIP FREQ 1 2701 0 - MAX Speed Hz 0.00

SKIP BAND 1 2702 0 - MAX Speed Hz 0.00

SKIP FREQ 2 2703 0 - MAX Speed Hz 0.00

SKIP BAND 2 2704 0 - MAX Speed Hz 0.00

SKIP FREQ 3 2705 0 - MAX Speed Hz 0.00

SKIP BAND 3 2706 0 - MAX Speed Hz 0.00

SYNCHRO 
START

SYNC START FWD 2801 0-Off
1-On

0

SYNC START REV 2802 0-Off
1-On

0

SYNC AT MAX FREQ 2803 0-Off
1-On

1

SYNCHRO SCAN V/F 2804 1.0 - 25.0% 10.0% 
V/F / 
10% 
Open 
Vector

SYNC SETUP TIME 2805 0.5 - 10.0 seconds 0.20 V/F 
/ 0.10 
Open 
Vector

SYNC SCAN TIME 2806 0.5 - 10.0 seconds 2.0 V/F 
/ 0.50 
Open 
Vector

SYNC RECOVER 2807 0.1 - 10.0 seconds 1.0 V/F 
/ 0.10 
Open 
Vector

Table B-2  Parameter Block Values Level 2 (Cont.)
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Block Title Parameter P# Adjustable Range Factory User 
Setting

AUTO TUNE ANA OFFSET TRIM 2901 0-No
1-Yes

0

ONE-STEP TUNING [1] 2902 0-No
1-Yes

0

STATOR R1 TUNE 2903 0-No
1-Yes

0

MEASURE Xm (ROT) [1] 2904 0-No
1-Yes

0

MEASURE LEAKAGE [1] 2905 0-No
1-Yes

0

CUR. LOOP TUNE [1] 2906 0-No
1-Yes

0

FLUX CUR. TUNE [1] 2907 0-No
1-Yes

0

[1] Only available or active in Open Vector mode. Ignore these parameters for V/F mode.

Table B-  Parameter Block Values Level  (Cont.) 
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B.3  Level 3 Parameters (Advanced Prog, Level 3 Blocks)

Table B-3  Parameter Block Values Level 3

Block Title Parameter P# Adjustable Range Factory User Setting

PROFILE RUN NUMBER OF CYCLES 3001 0 - 255 0

PR RESTART MODE 3002 0-Restart
1-Continue

0

SPEED CURVE 1 3003 0-FWD-Group1
1-REV-Group1
2-FWD-Group2
3-REV-Group2

0

PROFILE TIME 1 3004 0 - 65535.00 seconds 0.00

SPEED CURVE 2 3005 0-FWD-Group1
1-REV-Group1
2-FWD-Group2
3-REV-Group2

0

PROFILE TIME 2 3006 0 -65535.00 seconds 0.00

SPEED CURVE 3 3007 0-FWD-Group1
1-REV-Group1
2-FWD-Group2
3-REV-Group2

0

PROFILE TIME 3 3008 0 - 65535.00 seconds 0.00

SPEED CURVE 4 3009 0-FWD-Group1
1-REV-Group1
2-FWD-Group2
3-REV-Group2

0

PROFILE TIME 4 3010 0 - 65535.00 seconds 0.00

SPEED CURVE 5 3011 0-FWD-Group1
1-REV-Group1
2-FWD-Group2
3-REV-Group2

0

PROFILE TIME 5 3012 0 - 65535.00 seconds 0.00

SPEED CURVE 6 3013 0-FWD-Group1
1-REV-Group1
2-FWD-Group2
3-REV-Group2

0

PROFILE TIME 6 3014 0 - 65535.00 seconds 0.00

SPEED CURVE 7 3015 0-FWD-Group1
1-REV-Group1
2-FWD-Group2
3-REV-Group2

0

PROFILE TIME 7 3016 0 - 65535.00 seconds 0.00

PULSE 
FOLLOWER

MASTER PPR [3] 3101 50 - 20000 counts 1024

INPUT VOLTS 3102 0-5V
1-12V

0

INPUT TYPE 3103 0-None
1-Quadrature
2- Speed

1

TRACK MODE 3104 0-Velocity Following 0

INCREMENT STEP 3105 1 - 1024 1

RX RATIO INPUT [3] 3106 1 - 1048576 1024

RX RATIO OUT 1 [3] 3107 1 - 1048576 1024

RX RATIO OUT 2 [3] 3108 1 - 1048576 1024

[3] Motor related parameters (see parameter P1311).
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Block Title Parameter P# Adjustable Range Factory User Setting

PULSE 
FOLLOWER 
(Continued)

RX RATIO OUT 3 [3] 3109 1 - 1048576 1024

RX RATIO OUT 4 [3] 3110 1 - 1048576 1024

OUTPUT TYPE 3111 0-Quadrature
1-Speed

0

TX RATIO INPUT [3] 3112 1 - 1048576 1:1024

TX RATIO OUTPUT [3] 3113 1 - 20000 1024

SAVE RX OUT RATI [3] 3114 0-No
1-Yes

0

CUSTOM 
UNITS

MAX DEC PLACES 3201 0 - 5 1

VALUE AT SPEED 3202 0.0 - 9999999.0 (X.X; YRPM) 0.0: 0

UNITS OF MEASURE 3203 ASCII & Graphics Characters Cust

PLC MODE PLC LOCK 3400 0-Off
1-On

0

PLC CONFIG 1 3401 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 2 3402 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 3 3403 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 4 3404 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 5 3405 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 6 3406 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 7 3407 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 8 3408 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 9 3409 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 10 3410 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 11 3411 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 12 3412 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 13 3413 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 14 3414 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 15 3415 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 16 3416 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 17 3417 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 18 3418 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 19 3419 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 20 3420 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 21 3421 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 22 3422 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 23 3423 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 24 3424 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 25 3425 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 26 3426 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 27 3427 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 28 3428 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 29 3429 0 to 255.255.255.255 000.128.000.000

PLC CONFIG 30 3430 0 to 255.255.255.255 000.128.000.000

[3] Motor related parameters (see parameter P1311).

Table B-3  Parameter Block Values Level 3 (Cont.) 
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Block Title Parameter P# Adjustable Range Factory User Setting

PLC MODE 
(Continued)

COMPARE A PARAM 3431 00000 to 10000 0

COMPARE A CONST1 3432 0.00 to 100.00% 0.00

COMPARE A CONST2 3433 0.00 to 100.00% 0.00

COMPARE B PARAM 3434 00000 to 10000 0

COMPARE B CONST1 3435 0.00 to 100.00% 0.00

COMPARE B CONST2 3436 0.00 to 100.00% 0.00

TIMER A DURATION 3440 0.00 to 999999.00 seconds 0.00

TIMER B DURATION 3441 0.00 to 999999.00 seconds 0.00

TIMER C DURATION 3442 0.00 to 999999.00 seconds 0.00

TIMER D DURATION 3443 0.00 to 999999.00 seconds 0.00

COMPOSITE 
REF

PARAM A NUMBER 3501 00000 to 10000 0

PARAM A FUNCTION 3502 0-Zero
1-Identitiy
2-Absolute Value
3-Invert
4-Square
5-Square Root
6-Sine
7-Cosine
8-Ramp Generator
9-Freq Generator

0

PARAM B NUMBER 3503 00000 to 10000 0

PARAM B FUNCTION 3504 0-Zero
1-Identitiy
2-Absolute Value
3-Invert
4-Square
5-Square Root
6-Sine
7-Cosine
8-Ramp Generator
9-Freq Generator

0

OPERATOR 3505 0-Sum
1-Difference
2-Multiply
3-Divide
4-Maximum
5-Minimum

0

FUNCTION 3506 0-Zero
1-Identitiy
2-Absolute Value
3-Invert
4-Square
5-Square Root
6-Sine
7-Cosine
8-Ramp Generator
9-Freq Generator

1

PARAM A GAIN 3507 -1000.000 to 1000.000 1.00

PARAM B GAIN 3508 -1000.000 to 1000.000 1.00

Table B-3  Parameter Block Values Level 3 (Cont.) 
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Block Title Parameter P# Adjustable Range Factory User Setting

RTC 
FEATURES 
(Real Time 

Clock)

RTC ACTION 1 3601 0-None
1-D.Out1 On
2-D.Out1 Off
3-D.Out2 On
4-D.Out2 Off
5-R.Out1 On 
6-R.Out1 Off
7-R.Out2 On 
8-R.Out2 Off
9-Increment
10-Decrement
11-Reset
12-D.Out1 On/IncP107 
13-D.Out1 Off/IncP107 
14-D.Out1 On/DecP107 
15-D.Out1 Off/DecP107
16-D.Out1 On/Reset
17-D.Out1 Off/Reset 
18-R.Out1 On/IncP107 
19-R.Out1 Off/IncP107 
20-R.Out1 On/DecP107
21-R.Out1 Off/DecP107
22-R.Out1 On/Reset
23-R.Out1 Off/Reset

0

RTC ACTION 2 3602 0

RTC MESSAGE 1 3603 0-None
1-Clean Filter
2-Change Filter 
3-Apply Oil/Lube 
4-Service Motor
5-Service Drive 
6-Service Coolant
7-Service Heating
8-RTC Alarm

0

RTC MESSAGE 2 3604 0

ACT1 QUALIFIER 3605 0-Once 
1-Second 
2-Minute 
3-Hourly
4-Daily 
5-Monthly 
6-Yearly

0

ACT2 QUALIFIER 3606 0

MSG1 QUALIFIER 3607 0

MSG2 QUALIFIER 3608 0

ACT1 DATE/TIME 3609 01 January 2000, 00:00:00 - 
31 December 2063, 23:59:59

01 January 2000, 
00:00:00

ACT2 DATE/TIME 3610 01 January 2000, 00:00:00 - 
31 December 2063, 23:59:59

01 January 2000, 
00:00:00

MSG1 DATE/TIME 3611 01 January 2000, 00:00:00 - 
31 December 2063, 23:59:59

01 January 2000, 
00:00:00

MSG2 DATE/TIME 3612 01 January 2000, 00:00:00 - 
31 December 2063, 23:59:59

01 January 2000, 
00:00:00

RTC COUNTER MAX 3630 00000 - 99999 0

DST SELECT 3631 0-Off
1-U.S.A.
2-E.U.

0

Table B-3  Parameter Block Values Level 3 (Cont.) 
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Appendix C
CE Guidelines  

C.1  Outline 

This section provides general information regarding recommended methods of installation for CE compliance. It is not 
intended as an exhaustive guide to good practice and wiring techniques. It is assumed that the installer of the VS1SP is 
sufficiently qualified to perform the task, and is aware of local regulations and requirements. Baldor products that meet the 
EMC directive requirements are indicated with a “CE” mark. A duly signed CE declaration of conformity is available from 
Baldor.

C.2  EMC - Conformity and CE Marking 

The information contained herein is for your guidance only and does not guarantee that the installation will meet the 
requirements of the Electromagnetic Compatibility Directive 2004/108/EC or the Low Voltage Directive 2006/95/EC.
The purpose of the EEC directives is to state a minimum technical requirement common to all the member states within the 
European Union. In turn, these minimum technical requirements are intended to enhance the levels of safety both directly 
and indirectly.

Council directive 2004/108/EC relating to Electro Magnetic Compliance (EMC) indicates that it is the responsibility of the 
system integrator to ensure that the entire system complies with all relative directives at the time of installing into service.
Motors and controls are used as components of a system, per the EMC directive. Hence all components, installation of 
the components, interconnection between components, and shielding and grounding of the system as a whole determines 
EMC compliance.

The CE mark informs the purchaser that the equipment has been tested and complies with the appropriate standards. 
It rests upon the manufacturer or his authorized representative to ensure the item in question complies fully with all 
the relative directives in force at the time of installing into service, in the same way as the system integrator previously 
mentioned. Remember that it is the instructions of installation and the product that should comply with the directive.

Note that this drive is commercial in design. It is not intended to be used on a low-voltage public network which 
supplies domestic premises. In a domestic environment, this product may cause radio interference in which case 
supplementary mitigation may be required. 

Wiring of Shielded (Screened) Cables 

Figure C-1  

 

Remove the outer insulation to
expose the overall screen.

Conductive
   Clamp

Shielded Couplings

360 Degree Coupling
360 Degree
  Coupling

      Conductive
360 Degree Clamp

A B

C

d

A = 30mm max.
B = 500mm max.
C = 30mm max.
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C.3  EMC Installation Options

When installed for Class A or Class B operation, the control is compliant with EN55011 (1991)/ EN55022 (1994) for radiated 
emissions as described.

C.4  Grounding for Wall Mounting (Class A) also see Chapter 4

Top cover must be installed.

 A single-star point (earth) is required.
The protective earth connection (PE) to the motor must be run inside the screened cable or conduit between the motor 
and control and be connected to the protective earth terminal at the control. 
The internal/external AC supply filter must be permanently earthed. 
The signal/control cables must be screened. 

C.5  Grounding for Enclosure Mounting (Class B) also see Chapter 4

The unit is installed for Class B operation when mounted inside an enclosure that has 10dB attenuation from 30 
to 100MHz (typically the attenuation provided by a metal cabinet with no opening greater than 0.15m), using the 
recommended AC supply filter and having met all cable requirements. 

Note:  Radiated magnetic and electric fields inside the cubicle will be high and components installed inside must be  
           sufficiently immune. 

The control, external filter and associated equipment are mounted onto a conducting, metal panel. Do not use enclosures 
that use insulating mounting panels or undefined mounting structures. Cables between the control and motor must be 
screened or in conduit and terminated at the control. 

C.6  Use of CE Compliant Components

The following points should be considered:
Using CE approved components will not guarantee a CE compliant system!
The components used in the drive, installation methods used, materials selected for interconnection of components are 
important.
The installation methods, interconnection materials, shielding, filtering and earthing / grounding of the system as a whole 
will determine CE compliance.
The responsibility of CE mark compliance rests entirely with the party who offers the end system for sale (such as an OEM 
or system integrator).
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C.7  EMC Wiring Technique
Figure C-2  

 
1   CABINET
      The drawing shows an electroplated zinc coated enclosure, which is 
      connected to ground. This enclosure has the following advantages:
      - All parts mounted on the back plane are connected to ground.
      - All shield (screen) connections are connected to ground.
      Within the cabinet there should be a spatial separation between power 
      wiring (motor and AC power cables) and control wiring.

2    SCREEN CONNECTIONS
      All connections between components must use shielded cables. The cable
      shields must be connected to the enclosure. Use conductive clamps to
      ensure good ground connection. With this technique, a good ground shield 
      can be achieved.
      
      
      

3    EMC - FILTER
      The EMI or main filter should be mounted next to the power supply (here 
      BPS). For the connection to and from the main filter, screened cables should
      be used. The cable screens should be connected to screen clamps on both 
      sides. (Exception: Analog Command Signal).
      Note:  EMC compliance testing was conducted on representative drives
                 of each frame size using Schaffner FN3258 and FN351 series filters.
      
     
      

4    GROUNDING (EARTH)
      For safety reasons (VDE0160), all Baldor components must be connected 
      to ground with a separate wire. The diameter of the wire must be at minimum
      AWG#6 (10mm2). Ground connections (dashed lines) must be made from the 
      central ground to the regen resistor enclosure and from the central ground to 
      the Shared Power Supply.
      

5    Y-CAPACITOR
      The connection of the regeneration resistor can cause RFI (radio frequency 
      interference) to be very high. To minimize RFI, a Y-capacitor is used. The
      capacitor should only be connected between the dynamic brake resistor
      housing and terminal pin R1.
      

CONTROLLER

FILTER

Y-Capacitor

Minimum size of the protective earthing conductor shall comply with the local
safety regulation for high protective earthing conductor current equipment.  

 Attention:  The drawing shows only the principle of an EMC wiring. The installation shown can be       
               different to any national standard (e.g. VDE).
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C.8  EMC Installation Instructions

To ensure electromagnetic compatibility (EMC), the following installation instructions should be completed. These steps help 
to reduce interference.
Consider the following:

Grounding of all system elements to a central ground point
Shielding of all cables and signal wires 
Filtering of power lines 

A proper enclosure should have the following characteristics: 
A)   All metal conducting parts of the enclosure must be electrically connected to the back plane. These connections should  
     be made with a grounding strap from each element to a central grounding point. [1]
B)   Keep the power wiring (motor and power cable) and control wiring separated. If these wires must cross, be sure they  
       cross at 90 degrees to minimize noise due to induction. 
C)   The shield connections of the signal and power cables should be connected to the screen rails or clamps. The screen  
     rails or clamps should be conductive clamps fastened to the cabinet. [2]
D)   The cable to the regeneration resistor must be shielded. The shield must be connected to ground at both ends. 
E)   The location of the AC mains filter has to be situated close to the drive so the AC power wires are as short as possible. 
F)   Wires inside the enclosure should be placed as close as possible to conducting metal, cabinet walls and plates. It is 
      advised to terminate unused wires to chassis ground. [1]
G)   To reduce ground current, use at least a 10mm2 (6 AWG) solid wire for ground connections.

[1]   Grounding in general describes all metal parts which can be connected to a protective conductor, e.g. housing of 
       cabinet, motor housing, etc. to a central ground point. This central ground point is then connected to the main plant (or  
       building) ground. 
[2]   Or run as twisted pair at minimum. 

Example Cable Screens Grounding 

Figure C-3  

 Cable (Twisted Pair Conductors)

 Conductive Clamp - Must contact bare cable shield
and be secured to metal backplane.
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Appendix D
Options and Kits  

D.1  Dynamic Braking (DB) Hardware

Whenever a motor is abruptly stopped or forced to slow down quicker than if allowed to coast to a stop, the motor becomes 
a generator. This energy appears on the DC Bus of the control and must be dissipated using dynamic braking hardware. 
Dynamic braking resistors are completely assembled and mounted in a NEMA 1 enclosure. A listing of available RGA 
assemblies is provided in Table D-1. Select the braking resistor that has correct ohm value for the control and adequate 
continuous watts capacity to meet load requirements.

Table D-1   Dynamic Braking Resistor Assemblies (RGA)

Input
Volts

HP
Total*
Ohms

Continuous Rated Watts

600 1200 2400 4800 6400 9600 14200

230

1-7.5 20 RGA620 RGA1220 RGA2420

10-20 6 RGA1206 RGA2406 RGA4806

25-40 4 RGA1204 RGA2404 RGA4804

50-60 2 RGA4802 RGA6402 RGA9602 RGA14202

460

1-3 120 RGA6120 RGA12120 RGA24120

5-10 60 RGA660 RGA1260 RGA2460 RGA4860

15-25 20 RGA620 RGA1220 RGA2420 RGA4820

30-50 10 RGA1210 RGA2410 RGA4810

60-125 4 RGA1204 RGA2404 RGA4804 RGA6404 RGA9604 RGA14204

150-500 2 RGA4802 RGA6402 RGA9602 RGA14202

575

1-3 120 RGA6120 RGA12120 RGA24120

5-10 60 RGA660 RGA1260 RGA2460 RGA4860

15-25 30 RGA630 RGA1230 RGA2430 RGA4830

30 24 RGA1224 RGA2424 RGA4824

40-125 14 RGA4814 RGA6414

150-300 4 RGA4804 RGA6404 RGA9604 RGA14204

*Note:  Total Ohms column indicates the minimum resistance that the output transistors can drive. For example, if the Total Ohms   
             column indicates 6 ohms and a 6 ohm resistor is unavailable, an 8 ohm can be used but not a 4 ohm resistor.
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D.2  Expansion Boards

Baldor offers a wide variety of plug-in expansion boards for their Controls. Expansion boards allow a control to be 
compatible with various inputs and outputs. Each control can accept up to two expansion boards. Chapter 3 of this manual 
describes the locations of the connectors for these expansion boards.

Table D-2  Expansion Board Descriptions

Catalog Number Description 

EXBHH001A01 Ethernet Server Expansion Board 
Uses standard RJ-45 female terminal for Ethernet connection. Provides easy connection to any 
PC based Web Browser that has an Ethernet connection. Allows you to quickly access all drive 
parameters for setup and review. Download parameter values, operating conditions, and fault log 
data for review and archive.

EXBHH003A01 
 

Isolated Input Expansion Board 
Contains 9 isolated inputs, jumper configurable for 90-130 VAC. All inputs must be the same 
voltage. One side of all inputs is common. This board replaces all the opto inputs on the main 
control board. Uses screw terminals for connection. 

EXBHH005A01 
 

High resolution analog input/output board 
Allows two inputs with up to 16 bits resolution. DC inputs: ±10V, 0-10V, ±5V, 0-5V, with 300 
microvolt resolution. Current inputs: 4-20mA, with 0.6 microamps resolution. 
Input                                 Resolution
±10V                                    16 bit
0 - 10V                                 15 bit 
±5V                                      15 bit
0 - 5V                                   14 bit
0 - 20mA                              15 bit
4 - 20mA                              15 bit
Both the 0-10V and 4-20mA inputs may be inverted to 10-0V and 20-4mA. Two outputs, each with 
±10VDC, 0-10VDC or 4-20mA with inverting capability. These are in addition to the two analog 
outputs on the main control board (4 total). Uses screw terminals for connection. 

EXBHH007A01 Master Pulse Reference / Isolated Pulse Follower 
Jumper selection of the following modes: 
1. Accepts a 5VDC or 12VDC quadrature pulse train input or pulse and direction input to use as a 
    master reference.
2. Re-transmits the input pulse train at 5VDC for ratios from 1:20 up to 65535:1. (Scaled output).
3. Can be used as a auxiliary encoder input to the control.
4. A CANopen port with an RJ-45 female connector for adding an additional I/O breakout box or  
    CAN HMI terminal.

EXBHH013A02 DeviceNet / EtherNet IP / Modbus-TCP Communications Expansion Board 
Allows connection to DeviceNet Communications Bus. Allows connection to EtherNet/IP 
Communications Bus. Allows connection to Modbus-TCP Communications Bus. Uses screw 
terminals for DeviceNet connection. 

EXBHH014A02 
 

PROFIBUS-DP Expansion Board 
Allows connection to PROFIBUS-DP Communications Bus. Uses 9-pin D-shell for connection.

EXBHH015A01 BACnet Expansion Board
Allows connection to a BACnet Communications Network.
Uses screw terminals for connection.

EXBHH016A01 LonWorks Communications Expansion Board
Allows connection to a LonWorks Communications Bus.
Uses plug-in terminals for connection.

EXBHH017A01
 

Metasys N2 Communications Expansion Board 
Allows connection to or N2 communications network.
Uses screw terminals for connection.



Options and Kits   D-3MN764

D.3  Keypad Extension Cable

For the convenience of our customers, we offer a connector plug/cable assembly. This assembly provides the connectors 
from the keypad to the control for remote keypad operation. 

 CAUTION: Only use cables manufactured by Baldor. Cables purchased from other sources may not be   
   properly wired and may damage the control or keypad and void the warranty.

Table D-3  Keypad Extension Cable Selection

Catalog Number Length

CBLHH015KP 5 ft (1.5m)

CBLHH030KP 10 ft (3.0m)

CBLHH046KP 15 ft (4.6m)

CBLHH061KP 20 ft (6.1m)

CBLHH091KP 30 ft (9.1m)

CBLHH152KP 50 ft (15.2m)

CBLHH229KP 75 ft (22.9m)

CBLHH305KP 100 ft (30.5m)

CBLHH457KP 150 ft (45.7m)

CBLHH610KP 200 ft (61.0m)
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D.4   Optional Remote Keypad Installation

The keypad may be remotely mounted using optional Baldor keypad extension cable (refer to Table D-3). When the keypad 
is properly mounted to a NEMA Type 4X enclosure, it retains the Type 4X rating. The mounting/drill template is located in 
Appendix E of this manual.

 CAUTION: Only use cables manufactured by Baldor. Cables purchased from other sources may not be   
   properly wired and may damage the control or keypad and void the warranty. 

Tools Required:

Mounting Instructions:  For clearance mounting holes
1. Locate a flat 4” wide x 5.5” minimum high mounting surface. Material should be sufficient thickness (14 gauge minimum). 
2. Place the template on the mounting surface or mark the holes as shown on the template (ensure template is not distorted 

due to reproduction). 
3. Accurately center punch the 3 mounting holes and the large knockout. 
4. Drill three #27 clearance holes. 
5. Locate the 1-3/8” knockout center and punch using the manufacturers instructions. 
6. Debur knockout and mounting holes making sure the panel stays clean and flat. 
7. Apply RTV to the three #27 clearance holes. 
8. Assemble the keypad to the panel. Use 6-32 screws and flat washers. 
9. From the inside of the panel, apply RTV over each of the three mounting screws. Cover a 3/4” area around each screw 

making sure to completely encapsulate the screw head and washer. 
10. Route the keypad cable into the control and connect to P2 of the control board, Figure D-1. 

Figure D-1  Connector Locations 

 

  Keypad
Connector

Ribbon Cable

    Control 
Circuit Board

J8

P2

   Regen
Connector

J7

See recommended tightening torques in Table A-2. RS485

P3
JP31 S   G  A   B  S
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Appendix E
Remote Keypad Mounting Template

E.1  Remote Keypad Mounting Template

Figure E-1  

Note: Template may be distorted due to reproduction.

2. 1

1.3 nockout

Drill #27 Hole
3 Places

1.

3. 5

4.

2.14
1.0

0.2

P0030A00
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PENNSYLVANIA 
 PHILADELPHIA
 1035 THOMAS BUSCH 
 MEMORIAL HIGHWAY
 PENNSAUKEN, NJ 08110
 PHONE: 856-661-1442
 FAX: 856-663-6363
 
 PITTSBURGH
 159 PROMINENCE DRIVE
 NEW KENSINGTON, PA 15068
 PHONE: 724-889-0092
 FAX: 724-889-0094

TENNESSEE
 MEMPHIS
 4000 WINCHESTER ROAD
 MEMPHIS, TN 38118
 PHONE: 901-365-2020
 FAX: 901-365-3914

TEXAS
 DALLAS
 2920 114TH STREET SUITE 100
 GRAND PRAIRIE, TX 75050
 PHONE: 214-634-7271
 FAX: 214-634-8874

 HOUSTON
 10355 W. LITTLE YORK ROAD
 SUITE 300
 HOUSTON, TX  77041
 PHONE: 281-977-6500
 FAX: 281-977-6510

UTAH
 SALT LAKE CITY
 2230 SOUTH MAIN STREET
 SALT LAKE CITY, UT 84115
 PHONE: 801-832-0127
 FAX: 801-832-8911

WISCONSIN
 MILWAUKEE
 1960 SOUTH CALHOUN ROAD
 NEW BERLIN, WI 53151
 PHONE: 262-784-5940
 FAX: 262-784-1215

INTERNATIONAL SALES
 FORT SMITH, AR
 P.O. BOX 2400
 FORT SMITH, AR 72902
 PHONE: 479-646-4711
 FAX: 479-648-5895
 
CANADA
  EDMONTON, ALBERTA
 4053-92 STREET
 EDMONTON, ALBERTA T6E 6R8
 PHONE: 780-434-4900
 FAX: 780-438-2600

 TORONTO
 OAKVILLE, ONTARIO
 2750 COVENTRY ROAD
 OAKVILLE, ONTARIO L6H 6R1
 PHONE: 905-829-3301
 FAX: 905-829-3302

 MONTREAL, QUEBEC
 5155 J-ARMAND BOMBARDIER
 SAINT-HUBERT, QUÉBEC
 CANADA J3Z 1G4
 PHONE: 514-933-2711
 FAX: 514-933-8639

MARYLAND
 BALTIMORE
 6660 SANTA BARBARA RD.
 SUITES 22-24
 ELKRIDGE, MD 21075
 PHONE: 410-579-2135
 FAX: 410-579-2677

MASSACHUSETTS
 BOSTON
 6 PULLMAN STREET
 WORCESTER, MA 01606
 PHONE: 508-854-0708
 FAX: 508-854-0291

MICHIGAN
 DETROIT
 5993 PROGRESS DRIVE
 STERLING HEIGHTS, MI 48312
 PHONE: 586-978-9800
 FAX: 586-978-9969

MINNESOTA
 MINNEAPOLIS
 21080 134TH AVENUE NORTH
 ROGERS, MN 55374
 PHONE: 763-428-3633
 FAX: 763-428-4551

MISSOURI
 ST LOUIS
 13678 LAKEFRONT DRIVE
 EARTH CITY, MO 63045
 PHONE: 314-373-3032
 FAX: 314-373-3038

 KANSAS CITY
 1501 BEDFORD AVENUE
 NORTH KANSAS CITY, MO 64116
 PHONE: 816-587-0272
 FAX: 816-587-3735

NEW YORK
 AUBURN
 ONE ELLIS DRIVE
 AUBURN, NY 13021
 PHONE: 315-255-3403
 FAX: 315-253-9923

NORTH CAROLINA
 GREENSBORO
 1220 ROTHERWOOD ROAD
 GREENSBORO, NC 27406
 PHONE: 336-272-6104
 FAX: 336-273-6628

OHIO
 CINCINNATI
 2929 CRESCENTVILLE ROAD
 WEST CHESTER, OH 45069
 PHONE: 513-771-2600
 FAX: 513-772-2219

 CLEVELAND
 8929 FREEWAY DRIVE
 MACEDONIA, OH 44056
 PHONE: 330-468-4777
 FAX: 330-468-4778

OKLAHOMA
 TULSA
 7170 S. BRADEN, SUITE 140
 TULSA, OK  74136
 PHONE: 918-366-9320
 FAX: 918-366-9338

OREGON
 PORTLAND
 20393 SW AVERY COURT
 TUALATIN, OR 97062
 PHONE: 503-691-9010
 FAX: 503-691-9012

 VANCOUVER, 
 BRITISH COLUMBIA
 1538 KEBET WAY
 PORT COQUITLAM,
 BRITISH COLUMBIA V3C 5M5
 PHONE 604-421-2822
 FAX: 604-421-3113

 WINNIPEG, MANITOBA
 54 PRINCESS STREET
 WINNIPEG, MANITOBA R3B 1K2
 PHONE: 204-942-5205
 FAX: 204-956-4251

AUSTRALIA
 UNIT 3, 6 STANTON ROAD
 SEVEN HILLS, NSW 2147, AUSTRALIA
 PHONE: (61) (2) 9674 5455
 FAX: (61) (2) 9674 2495

 UNIT 8, 5 KELLETTS ROAD
 ROWVILLE, VICTORIA, 3178 AUSTRALIA
 PHONE: (61) (3) 9753 4355
 FAX: (61) (3) 9753 4366

EL SALVADOR
 RESIDENCIAL PINARES DE SUIZA
 POL. 15 #44,
 NVA. SAN SALVADOR, EL SALVADOR
 PHONE: +503 2288-1519
 FAX: +503 2288-1518

CHILE
 LUIS THAYER OJEDA 166,
 OF 402 - PROVIDENCIA
 SANTIAGO, CHILE
 PHONE: +56 2 964-3210

CHINA
 160 SONG SHENG ROAD
 SONGJIANG INDUSTRY ZONE
 SHANGHAI 201613, CHINA
 PHONE: +86 21 5760 5335
 FAX : +86 21 5760 5336

GERMANY
 HERMANN-HEINRICH-GOSSEN-STRASSE 3
 KÖLN, D-50858 GERMANY
 PHONE: +49 2234 37941-0
 FAX: +49 2234 3794164

 DIESELSTRASSE 22
 KIRCHHEIM, D-85551
 MUNICH, GERMANY
 PHONE: +49 89 90508-0
 FAX: +49 89 9050886

INDIA
 OFFICE NO 517 & 518,
 5TH FLOOR, SIDDHARTH TOWERS,
 CTS NO. 421 (1), SURVEY NO 12,
 KOTHRUD, PUNE 411 038,
 MAHARASHTRA, INDIA
 PHONE: + 91 20 25 45 27 17
 FAX: + 91 20 25 45 27 19

INDONESIA
 TALAVERA OFFICE PARK, 
 28TH FLOOR, SUITE M18 
 JI. T.B. SIMATUPANG, KAV. 22-26
 CILANDAK, JAKARTA SELATAN, 12430
 INDONESIA
 PHONE: +62 21 75 999 879
 FAX: + 62 21 75 999 878

ITALY
 VIA SOTTOBISIO 30 
 CH-6828  BALERNA 
 SWITZERLAND
 PHONE: +41 91 683 6161 
 FAX: +41 91 630 2633

JAPAN
 DIA BLDG 802,
 2-21-1 TSURUYA-CHO, 
 KANAGAWA-KU
 YOKOHAMA, 221-0835, JAPAN
 PHONE: 81-45-412-4506
 FAX: 81-45-412-4507

KOREA
 RM#1715, SUSEO TOWER, 725,
 SUSEO-DONG, GANGNAM-GU,
 SEOUL 135-757 KOREA
 PHONE: (82) 2 2226 9369
 FAX: (82) 2 2226 9368

MEXICO
 LEON, GUANAJUATO
 KM. 2.0 BLVD. AEROPUERTO
 LEÓN 37545, GUANAJUATO, MÉXICO
 PHONE: +52 477 761 2030
 FAX: +52 477 761 2010
 
MIDDLE EAST & NORTH AFRICA
 VSE INTERNATIONAL CORP.
 3233 N ARLINGTON HEIGHTS ROAD
 SUITE 100W 
 ARLINGTON HEIGHTS, IL 60004 USA
 PHONE: 847 590 5547
 FAX: 847 590 5587

PANAMA
 AVE. RICARDO J. ALFARO
 EDIFICIO SUN TOWERS MALL
 PISO 2, LOCAL 55
 CIUDAD DE PANAMÁ, PANAMÁ
 PHONE: +507 236-5155
 FAX: +507 236-0591

SINGAPORE
 18 KAKI BUKIT ROAD 3, #03-09
 ENTREPRENEUR BUSINESS CENTRE
 SINGAPORE 415978
 PHONE: (65) 6744 2572
 FAX: (65) 6747 1708

SWITZERLAND
 POST FACH 73
 SCHUETZENSTRASSE 59
 FEUERTHALEN, CH-8245
 SWITZERLAND
 PHONE: +41 52 647 4700
 FAX: +41 52 659 2394

TAIWAN
 1F, NO 126 WENSHAN 3RD STREET,
 NANTUN DISTRICT,
 TAICHUNG CITY 408
 TAIWAN R.O.C
 PHONE: (886) 4 238 04235
 FAX: (886) 4 238 04463

UNITED KINGDOM
 6 BRISTOL DISTRIBUTION PARK
 HAWKLEY DRIVE
 BRISTOL BS32 0BF U.K.
 PHONE: +44 1454 850000
 FAX: +44 1454 859001

VENEZUELA
 AV. ROMA. QTA EL MILAGRO. URB.
 CALIFORNIA NORTE
 CARACAS, 1070
 VENEZUELA
 PHONE/FAX: +58 212 272 7343
 MOBILE: +58 414 114 8623

UNITED STATES

ARIZONA
 PHOENIX
 4211 S 43RD PLACE
 PHOENIX, AZ 85040
 PHONE: 602-470-0407
 FAX: 602-470-0464

ARKANSAS
 CLARKSVILLE
 1001 COLLEGE AVENUE
 CLARKSVILLE, AR 72830
 PHONE: 479-754-9108
 FAX: 479-754-9205

CALIFORNIA
 LOS ANGELES
 6480 FLOTILLA STREET
 COMMERCE, CA 90040
 PHONE: 323-724-6771
 FAX: 323-721-5859

 HAYWARD
 21056 FORBES AVENUE
 HAYWARD, CA 94545
 PHONE: 510-785-9900
 FAX: 510-785-9910

COLORADO
 DENVER
 3855 FOREST STREET
 DENVER, CO  80207
 PHONE: 303-623-0127
 FAX: 303-595-3772

CONNECTICUT
 WALLINGFORD
 65 SOUTH TURNPIKE ROAD
 WALLINGFORD, CT 06492
 PHONE: 203-269-1354
 FAX: 203-269-5485

FLORIDA
 TAMPA/PUERTO RICO/
 VIRGIN ISLANDS
 3906 EAST 11TH AVENUE
 TAMPA, FL 33605
 PHONE: 813-248-5078
 FAX: 813-247-2984

GEORGIA
 ATLANTA
 62 TECHNOLOGY DRIVE 
 ALPHARETTA, GA 30005
 PHONE: 770-772-7000
 FAX: 770-772-7200

ILLINOIS
 CHICAGO
 340 REMINGTON BLVD.
 BOLINGBROOK, IL 60440
 PHONE: 630-296-1400
 FAX: 630-226-9420

INDIANA
 INDIANAPOLIS
 5525 W. MINNESOTA STREET
 INDIANAPOLIS, IN 46241 
 PHONE: 317-246-5100
 FAX: 317-246-5110

IOWA
 DES MOINES
 1800 DIXON STREET, SUITE C
 DES MOINES, IA 50316
 PHONE: 515-263-6929
 FAX: 515-263-6515

Baldor Sales Offices
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Keypad Components

The keypad is used to 
program the control 
parameters, to operate 
the motor and to monitor 
the status and outputs of 
the control by accessing 
the display options, the 
diagnostic menus and the 
fault log. Additionally, drive 
parameters can be stored 
in the keypad for future 
retrieval.

Display Features

Speed Reference

Defines action of F2 keyDefines action of F1 key

Local RemotePresent Menu Selection
Stop – Forward – Reverse

Indicator Lights:
(On when indicated Key is active)

FWD & REV: Green light indicator.

STOP: Red light indicator

JOG: Jog Speed Selected Green light indicator

Display Diagnostics –
I/O Status
I/O Function configuration
Modified Parameters
Control Operation Data
Custom Units
Fault Display – 10 Faults with Time Stamp

F2 – Clears faults or undo parameter edit changes or function 
indicated by text displayed directly above key.

 Up Arrow  Left Arrow
 Down Arrow  Right Arrow

Moves cursor to select menu choices.

LOCAL/REMOTE – Switches between local and remote 
modes.

HELP – Provides help at each display screen, setup parameter 
and fault. Press to view/close help information.

JOG – Initiates Jog mode. Press FWD or REV for motion. Only 
in local mode.

FWD – When pressed, initiates a forward direction run command.

Indicator Lights – (on indicated key)
STOP key with red light indicator.
FWD key with green light indicator.
REV key with green light indicator.
JOG key with green light indicator.

Keypad Display – Displays status Information during Local or 
Remote operation. It also displays information during parameter 
setup and fault or Diagnostic information.

F1 – Alternates or "toggles" between the last two menu choices 
or function indicated by text displayed directly above key.

ENTER – Press ENTER to save parameter value changes. In 
the display mode the ENTER key is used to directly set the local 
speed reference. It is also used to select other operations when 
prompted by the keypad display.

MENU/ESC – Selects the menu display when viewing status. 
The following menu items are shown: Status, Basic Params, 
Advanced Prog, Event Log, Diagnostics and Display Options. 
Backs up one level for other screens.

REV – When pressed, initiates a reverse direction run com-
mand.

STOP – Initates a stop command. Note: Pressing the stop key 
twice in succession will immediately disable the drive placing 
the motor in a coast stop condition.

STATUS	 FWD		 LOCAL

159.5V	600RPM
6.2A	20.0HZ

DIAG	 600R		 MAIN

Digital Input Jumper Settings

Please consult the VS1SP Installation and Operation Manual, MN764, before operating the drive. 
Also, please read the precautionary and warning statements in the Safety Notice, Paragraph 1.2, in MN764.



For V/F Control Type:

1) Press MENU.
Scroll to BASIC PARAMS.
Press ENTER.

At this point the display shows CONTROL 
TYPE F1601, – the default value is "V/F 
Control" – press ENTER to change the 
setting to Open Vector C1601, – press 
ENTER.

2) Press the DOWN Arrow key and enter 
values from the motor nameplate for each 
of the following "MOTOR DATA" parame-
ters. Press ENTER to begin editing – after 
each value is programmed, press ENTER 
then DOWN arrow for the next item.

• MOTOR RATED HP
• MOTOR RATED VOLT
• MOTOR RATED AMPS
• MOTOR MAG AMPS*
• MOTOR RATED SPD
• MOTOR RATED FREQ

*If this is not shown on the motor name-
plate, use the formula:

MOTOR MAG AMPS = 0.4 X MOTOR 
RATED AMPS.

3) CALC MOTOR MODEL – press ENTER 
– select "Yes" – press ENTER

4) After CALC MOTOR MODEL is com-
plete, Press F2 to exit MOTOR DATA and 
BASIC PARAMS to return to the MENU.

5) ENABLE DRIVE, (close J2-8 – J3-24 
circuit).

6) Scroll to ADVANCED PROG – press 
ENTER.

7) Scroll to LEVEL 2 BLOCKS – press 
ENTER

8) Scroll to AUTO TUNE – press ENTER.

9) Skip ANA OFFSET TRIM – Scroll to ONE-
STEP TUNING – press ENTER – select "Yes" 
– press ENTER. The ONE-STEP TUNING will 
take approx. 3-4 minutes to complete.

10) After the static portion of AUTO TUNE 
is complete, the display will alternately 
show STATIC TEST DONE – ROTARY 
FOLLOW and PRESS ENTER FOR FLUX 
CUR TUNE. Select one of the following: 

a) if the motor is coupled to the load, 
press F2 to exit AUTO TUNING

b) If the motor is not coupled to the load, 
press ENTER to begin rotation tuning. 
The first test is "FOR FLUX CUR TUNE" – 
press ENTER.

11) After "FLUX CUR TUNE" TEST 
PASSED – press ENTER for "MEASURE 
Xm(ROT)"

12) After "MEASURE Xm(ROT)" TEST 
PASSED – press ENTER for "END OF 
TEST".

13) PRESS F2 three times to return to 
MENU – press F1 to show STATUS display.

14) Couple motor to load and run " 
SPEED LOOP TUNE" to get a better 
response or manually tune the speed loop 
using Speed Prop Gain (P1635), Speed Int 
Gain (P1636) and Speed Diff Gain (P1637)

OPEN VECTOR AUTO TUNE COMPLETE

1) Press MENU.
Scroll to BASIC PARAMS.
Press ENTER.

At this point the display shows CONTROL 
TYPE F1601,  – the default value is "V/F 
Control" – If needed, press ENTER to 
change the setting to V/F Control C1601, 
– press ENTER.

2) Press the DOWN Arrow key and enter 
values from the motor nameplate for each 
of the following "MOTOR DATA" parame-
ters. Press ENTER to begin editing – after 
each value is programmed, press ENTER 
then DOWN arrow for the next item.

• MOTOR RATED HP
• MOTOR RATED VOLT
• MOTOR RATED AMPS
• MOTOR MAG AMPS*
• MOTOR RATED SPD
• MOTOR RATED FREQ

*If this is not shown on the motor name-
plate, use the formula:

MOTOR MAG AMPS = 0.4 X MOTOR 
RATED AMPS.

3) CALC MOTOR MODEL – press ENTER 
– select YES – press ENTER

4) After CALC MOTOR MODEL is com-
plete, Press F2 to exit MOTOR DATA and 
BASIC PARAMS to return to the MENU.

5) ENABLE DRIVE, (close J2-8 – J3-24 
circuit).

6) Scroll to ADVANCED PROG – press 
ENTER.

7) Scroll to LEVEL 2 BLOCKS – press 
ENTER

8) Scroll to AUTO TUNE – press ENTER.

9) Skip ANA OFFSET TRIM – Scroll to 
STATOR R1 TUNE – press ENTER – se-
lect "Yes" – Press ENTER. After STATOR 
R1 TUNE is complete – (TEST PASSED), 
press ENTER to END (This is a static 
tune, motor will not rotate).

10) PRESS F2 three times to return 
to MENU – press F1 to show STATUS 
display.

V/F CONTROL AUTO TUNE COMPLETE

	 STATUS
	 BASIC	PARAMS
	 ADVANCED	PROG
	 EVENT	LOG
	 DIAGNOSTICS

STATUS	 		 BACK

	 STATUS
	 BASIC	PARAMS
	 ADVANCED	PROG
	 EVENT	LOG
	 DIAGNOSTICS

STATUS	 		 BACK

	 LEVEL	1	BLOCKS
	 LEVEL	2	BLOCKS
	 LEVEL	3	BLOCKS
	 MODIFIED	PARAMS
	 LINEAR	LIST

STATUS	 		 BACK

	BASIC	PARAMS

	LEVEL	2	BLOCKS

	ADVANCED	PROG

BASIC		 MOTOR	CONTROL

CONTROL	TYPE
Open Vector

STATUS	 C1601T1		 BACK

BASIC		 MOTOR	DATA

MOTOR	RATED	HP

0.5	HP

STATUS	 C2416T1		 BACK

BASIC		 MOTOR	DATA

CALC	MOTOR	MODEL

Yes

STATUS	 F2414		 BACK

PROG		 AUTO	TUNE

ONE-STEP	TUNING
Yes

BASIC	 F2902		 BACK

	 STATUS
	 BASIC	PARAMS
	 ADVANCED	PROG
	 EVENT	LOG
	 DIAGNOSTICS

STATUS	 		 BACK

	 STATUS
	 BASIC	PARAMS
	 ADVANCED	PROG
	 EVENT	LOG
	 DIAGNOSTICS

STATUS	 		 BACK

	 LEVEL	1	BLOCKS
	 LEVEL	2	BLOCKS
	 LEVEL	3	BLOCKS
	 MODIFIED	PARAMS
	 LINEAR	LIST

STATUS	 		 BACK

	BASIC	PARAMS

	LEVEL	2	BLOCKS

	ADVANCED	PROG

BASIC		 MOTOR	CONTROL

CONTROL	TYPE
V/F Control

STATUS	 C1601T1		 BACK

BASIC		 MOTOR	DATA

MOTOR	RATED	HP

0.5	HP

STATUS	 C2416T1		 BACK

BASIC		 MOTOR	DATA

CALC	MOTOR	MODEL

Yes

STATUS	 F2414		 BACK

PROG		 AUTO	TUNE

STATOR	R1	TUNE
No

BASIC	 F2903		 BACK

Auto Tuning Procedures for Open Vector and V/F Control

For Open Vector Control Type:

(Note: All procedures require that load be decoupled from motor shaft. See details below if this is not possible.

MS764 10/10 TCP 5000*MS764-1010*
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CD-ROM

The CD-ROM, which is inserted in the cover, contains the user manual of the SPX25
and SPX32 hose pumps. The CD-ROM also contains a replacement instruction for the
pump hose. This replacement instruction is only for users that are familiar with the
replacement procedures in the user manual.

System requirements
The program on CD-ROM requires a PC with the following minimum system
requirements:
• Pentium I 100 MHz
• 64 MB internal memory
• 256 colors 
The following software must be installed on the PC:
• Adobe Acrobat Reader
• Internet Explorer

How to use the CD-ROM
1 Put the CD-ROM in the CD drive.
2 Close the CD drive.

The CD-ROM will start automatically.
3 Wait until the various language versions appear on screen.
4 Select the required language (click 1x with the left mouse button).

The program Adobe Acrobat Reader will automatically start and the required
user manual appears on screen.

Shortcuts
In the left margin you will find the various chapters and paragraphs. These can be
accessed directly by clicking on the required chapter or paragraph.
In the text you will find hyperlinks to chapters or paragraphs. These hyperlinks are linked
with the required chapters or paragraphs. By clicking a shortcut the required chapter or
paragraph appears on screen.
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Hose pump series 
SPX25 and SPX32

Manual
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© 2010 Watson-Marlow Bredel B.V.

All rights reserved.
The information provided herein may not be reproduced and/or published in any form,
by print, photoprint, microfilm or any other means whatsoever (electronically or
mechanically) without the prior written authorization of Watson-Marlow Bredel B.V.

Information within this manual is subject to change without notice. Neither Watson-
Marlow Bredel B.V. nor any other representatives will be liable for damages arising out
of or in connection with the use of this manual. This is a comprehensive limitation of
liability that applies to all damages of any kind, including (without limitation)
compensatory, direct, indirect or consequential damages, loss of data, income or profit,
loss of or damage to property and claims of third parties

Watson-Marlow Bredel B.V. is providing this manual and its contents on an "as is" basis
and makes no representations or warranties of any kind with respect to this manual or its
contents. Watson-Marlow Bredel B.V. disclaims all such representations and warranties.
In addition Watson-Marlow Bredel B.V. does not represent or warrant that the
information accessible via this manual is accurate, complete or current.

Names, trade names, brands, etc. used by Watson-Marlow Bredel B.V. may not, as per
the legislation concerning the protection of trade names, be considered as available.
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1 GENERAL

1.1 How to use this manual

This manual is intended as a reference book by means
of which qualified users are able to install, commission
and maintain the hose pumps mentioned on the front
cover.

1.2 Original instructions

The original instructions for this manual have been
written in English. Other language versions of this
manual are a translation of the original instructions.

1.3 Other supplied documentation

Documentation of components such as electric motors,
gearboxes, etc. is normally not included in this manual.
But if additional documentation is supplied, you must
follow the instructions in this additional documentation.

1.4 Service and support

For information with respect to specific adjustments,
installation, maintenance or repair jobs which fall
beyond the scope of this manual, contact your Watson-
Marlow Bredel representative. Make sure you have the
following data at hand:
• Serial number hose pump
• Article number pump hose
• Article number gearbox
• Article number electric motor
• Article number frequency controller
You will find these data on the identification plates or
stickers of the pump head, the pump hose, the gearbox
and the electric motor. Refer to § 4.1.1.
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1.5 Used products and the environment

Inquire with your local government about the
possibilities for reuse or environment friendly
processing of packaging materials, (contaminated)
lubricant and oil.

CAUTION
Always observe the local rules and regula-
tions with respect to processing (non reus-
able) parts of the hose pump.
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2 SAFETY

2.1 Pictograms

In this manual the following symbols are used:

2.2 Intended use

The hose pump is exclusively designed for pumping
suitable products in defined applications.
The manufacturer cannot be held responsible for
damage or harm resulting from misapplication or
negligence. If you want to change the application of
your hose pump from its originally intended service,
contact your Watson-Marlow Bredel representative first
to confirm suitability. 

WARNING
Procedures which, if not carried out with 
the necessary care, may result in serious 
damage to the hose pump or in serious 
bodily harm.

CAUTION
Procedures which, if not carried out with 
the necessary care, may result in serious 
damage to the hose, the pump, the sur-
rounding area or the environment.

Remarks, suggestions and advice.

WARNING
Procedures, remarks, suggestions or 
advice, which refer to use in potentially 
explosive atmospheres in accordance with 
the ATEX Directive 94/9/EC.
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2.3 Use in potentially explosive atmospheres

The pump head and gearbox mentioned in this manual
are suitable for use in a potentially explosive
atmosphere. The pumps mentioned meet the
requirements as stated in the European Directive 94/9/
EC (ATEX Directive).
The pumps belong to:
• Group II Appliances, category 2 GD c k T4

2.4 Responsibility

The manufacturer does not accept any responsibility for
damage or harm caused by not (strictly) observing the
safety regulations and instructions in this manual and
the also supplied documentation, or by negligence
during installation, use, maintenance and repair of the
hose pumps mentioned on the front cover. Depending
on the specific working conditions or accessories used,
additional safety instructions can be required. 
Immediately contact your Watson-Marlow Bredel
representative, if you noticed a potential danger while
using your hose pump.

2.5 Qualification of the user

The installation, use and maintenance of the hose
pump is only reserved for well trained and qualified
users. Temporary staff and persons in training may only
use the hose pump under the supervision and
responsibility of well trained and qualified users.

WARNING
The user of the hose pump is always fully 
responsible for observing the local valid 
safety regulations and directives. Observe 
these safety regulations and directives 
when using the hose pump.
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2.6 Regulations and instructions

• Everyone who will work with the hose pump
must be familiar with the content of this manual
and observe the instructions carefully. 

• The user must ensure that this manual, as well
as all other documentation relating to pump
components, is made readily accessible to
anyone who is expected to work with or service
the hose pump.
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3 WARRANTIES

The manufacturer offers a 2-year warranty on proper
workmanship of all parts of the hose pump. Exclusion is
made for normal wear and tear of consumables, such
as pump hoses, lubricant, hose clamps, pressing
shoes, ball bearings, wear ring, and seals, or parts
which have been misused or damaged through
negligence.

This manufacturer's warranty is null and void for any
user who has substituted the parts of an alternate
manufacturer into a Watson-Marlow Bredel hose pump.

Damaged parts may be returned to the manufacturer for
warranty analysis. If failure was determined caused by
faulty workmanship, the manufacturer will repair or
replace the faulty component. 
The parts must be accompanied by a fully completed
and signed health and safety form, as present in the
back of this manual. The form must be applied to the
outside of the shipping carton. 
Parts which have been contaminated or which have
been corroded by chemicals or other substances, which
can pose a health risk, must be cleaned before they are
returned to the manufacturer. Furthermore, it should be
indicated on the health and safety form, which specific
cleaning procedure has been followed, and it should be
indicated that the equipment has been decontaminated.
The safety form is required at all items, even if the parts
have not been used. 

Warranties purporting to be on behalf of Watson-Marlow
Bredel B.V. made by any person, including
representatives of Watson-Marlow Bredel B.V., its
subsidiaries, or its distributors, which do not accord with
the terms of this warranty shall not be binding upon
Watson-Marlow Bredel B.V. unless expressly approved
in writing by a Director or Manager of Watson-Marlow
Bredel B.V.
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4 DESCRIPTION

4.1 Identification of the product

4.1.1 Identification of the product
The hose pump can be identified based on the
identification plates or stickers on:
A: Pump head
B: Gearbox
C: Electric motor
D: Pump hose
E: Frequency controller (option)

4.1.2 Identification of the pump
The identification plate on the pump head contains the
following data:
A: Pump model
B: Serial number

4.1.3 Identification of the gearbox
The identification plate on the gearbox contains the
following data:
A: Article number
B: Serial number
C: Type number
D: Reduction
E: Number of revolutions per minute
F: Oil type upon delivery
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4.1.4 Identification of the electric motor
The identification plate on the electric motor contains
the following data:
A: Type number
B: Serial number
C: Article number
D: Mains
E: Frequency
F: Speed
G: Power
H: Power factor
I: Current

4.1.5 Identification of the frequency controller
The identification plate on the Watson-Marlow Bredel
Variable Frequency Drive (VFD) contains the following
data:
A: Article number

4.1.6 Identification of the pump hose
The identification sticker on the pump hose contains the
following data:
A: Reorder number
B: Internal diameter
C: Type of material of inner liner
D: Maximum permissible working pressure
E: Production code



DESCRIPTION

16

4.2 Construction of the pump

A: Pump hose
B: Pump housing
C: Rotor
D: Pressing shoes
E: Cover
F: Support
G: Gearbox
H: Electric motor
I: Adapter without motor (option)
J: Frequency controller (option)
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4.3 Operation of the pump

The heart of the pump head consists of a specially
constructed pump hose (A), which lies at the inside of
the pump housing (B) against the track. Both ends of
the hose are connected to the suction and discharge
lines by means of a flange construction (C). A bearing-
mounted rotor (D) with two facing pressing shoes (E) is
in the center of the pump head.

In phase 1 the lower pressing shoe compresses the
pump hose by the rotational movement of the rotor,
forcing the fluid through the hose. As soon as the
pressing shoe has passed, the hose recovers to its
original shape due to the mechanical properties of the
material. 

In phase 2 the product is drawn into the hose by the
(continuous) turning motion of the rotor.

In phase 3, the second pressing shoe will subsequently
compress the pump hose. Due to the continuous
rotating movement of the rotor not only new product is
sucked in, but also the already present product is
pressed out by the pressing shoe. When the first
pressing shoe runs from the pump hose, the second
pressing shoe has already closed the pump hose and
the product is prevented from flowing back. This
method of liquid displacement is also known as the
"positive displacement principle". 
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4.4 Pump hose

4.4.1 General
The pump hose is made of special rubbers, reinforced
with nylon cords and is constructed as follows: 
A: Outer extruded layer made of natural rubber
B: Four nylon reinforcement layers
C: Inner extruded liner

The pump hose liner material should be chemically
resistant with the product to be pumped. Dependent on
the specific requirements of your application a
corresponding pump hose must be selected. For each
pump model various hose types are available.
The material of the inner liner of the pump hose
determines the hose type. Each hose type is marked by
a unique color code. 

Natural Rubber*
Always the first choice hose. A highly dynamic material,
which has excellent abrasion resistance and
mechanical strength, and is generally resistant to
diluted acids and alcohols.
Max. liquid temperature 80 °C (175 °F).
Min. temperature -20 °C (-5 °F).

Buna N*
A highly abrasion proof and wear resistant material that
is generally resistant to oils, fats, alkaline, and
detergents. Suitable for a wide range of food handling
and meets FDA and 3A standards.
Max. liquid temperature 80 °C (175 °F).
Min. temperature -10 °C (15 °F).

Hose type Material Color code

NR Natural rubber Purple

NBR Buna N Yellow

EPDM EPDM Red

CSM Hypalon© Blue
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EPDM*
Good chemical resistance especially to concentrated
acids, ketones, and alcohols.
Max. liquid temperature 90 °C (195 °F).
Min. temperature -10 °C (15 °F).
Consult Watson-Marlow Bredel technical services for
details on higher temperature operation, up to 90 °C
with EPDM.

Hypalon© *
Good chemical resistance for strong oxidizing products
like concentrated acids and oxygen generating
substances. 
Max. liquid temperature 80 °C (175 °F).
Min. temperature -10 °C (15 °F)
Consult Watson-Marlow Bredel technical services for
RPM limitations when using Hypalon©.

The Watson-Marlow Bredel pump hoses have been
carefully machined, therefore there are minimum
tolerances in wall thickness. This is very important to
guarantee the correct compression of the pump hose,
because:
• When the compression is too high, it creates a

too high load of the pump and pump hose,
which may result in a reduction of the life of the
pump hose and bearings.

• When the compression is too low this will result
in high velocity backflow (slip). Backflow results
in a reduction of pump performance, hydraulic
efficiency, and negatively impact the life of the
pump hose.

* Consult your Watson-Marlow Bredel rep-
resentative for more detailed information 
about the chemical and temperature resist-
ance of pump hoses.
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4.4.2 Hose compression force adjustment
(shimming)

In order to achieve optimal life of the pump hose, the
compression force of the pump hose can be adjusted by
placing a number of shims under the pressing shoes.
The shims (A) are fitted between the rotor (B) and the
pressing shoe (C). The number of shims will vary for
each discharge pressure situation.

The paragraph 7.8 describes how to select and install
the shims.

4.4.3 Lubrication and cooling
The pump head, in which the rotor and pump hose can
be found, is filled with Watson-Marlow Bredel Genuine
Hose Lubricant. This lubricant lubricates the movement
between the hose and the pressing shoes and
dissipates the generated heat via the pump housing
and the cover.

The lubricant is food grade. Refer to § 10.1.4 for the
required quantity and NSF registration.

4.5 Gearbox

The hose pump types described in this manual use co-
axial gearbox units.
The gearboxes are fitted with a foot rest. The outgoing
shaft has been fitted with a spline.

Consult your Watson-Marlow Bredel repre-
sentative for lubrication recommendations 
when operating the hose pump below 2 
rpm.
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4.6 Electric motor

If the electric motor has been standard supplied by the
manufacturer, it is an integrated standardized squirrel-
cage motor. Refer to § 10.3 for specifications. If the
pump is to be used in potentially explosive
atmospheres, contact your Watson-Marlow Bredel
representative.

4.7 Motor frequency controller

Refer to the also supplied documentation of the supplier
and § 10.5. If the pump is to be used in potentially
explosive atmospheres, contact your Watson-Marlow
Bredel representative.

4.8 Available options

The following options are available for the hose pump:
• High (lubricant) level float switch
• Low (lubricant) level float switch
• Revolution counter
• Epoxy pressing shoes
• Stainless steel 316 flanges, flange brackets,

hose clamps, supporting and mounting articles
• Special configuration for use in potentially

explosive atmospheres.

The high level float switch is mandatory for 
use in  potentially explosive atmospheres.
If the pump is to be used in potentially 
explosive atmospheres, contact your 
Watson-Marlow Bredel representative.



INSTALLATION

22

5 INSTALLATION

5.1 Unpacking

When unpacking carefully follow the instructions as
given on the packaging or on the hose pump.

5.2 Inspection

Check that your delivery is correct and check it for any
transport damage. Refer to § 4.1.1. Report any damage
immediately to your Watson-Marlow Bredel
representative.

5.3 Installation conditions

5.3.1 Ambient conditions
Make sure that the hose pump is in an area where the
ambient temperature during operation is not lower than
-20 °C (-4 °F) and not higher than +45 °C (+113 °F).
Note that some motors may not be suitable for this
entire range of temperature. Consult your motor
manufacturer’s documentation for suitability of the
motor in your ambient conditions.

5.3.2 Set-up
• The pump materials and protective layers are

suitable for indoor set-up and a protected
outdoor set-up. Under certain conditions the
pump is suitable for limited outdoor set-up or a
salty or aggressive atmosphere. Consult your
Watson-Marlow Bredel representative for more
information.

• Make sure that the floor surface is horizontal
and has a maximum slope of 1 mm per meter
(0.012” per foot). Bolt the pump down using the
mounting points provided.

• Make sure that there is sufficient room around
the pump to carry out the necessary
maintenance activities.
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• Make sure that the room is sufficiently
ventilated, so that the heat developed by the
pump and drive can be discharged. Keep some
distance between the ventilation cover of the
electric motor and wall to enable the supply of
necessary cooling air.

• A qualified electrician who is fully conversant
with the appropriate regulations should connect
the electric motor.

• Motor wiring: Follow the guidelines issued by
the motor manufacturer. A current overload
relay should be fitted to a contact breaker.
Connect the motor in accordance with the
manufacturer's instructions. When a thermal
protection switch is fitted in the motor, the leads
will be found in the motor terminal box. They
should be connected to stop the pump if the
switch changes state.

• A qualified electrician who is fully conversant
with the appropriate regulations should connect
liquid level switches and/or revolution counter.

5.3.3 Pipework
When determining and connecting suction and
discharge lines consider the following points:
• Do keep delivery and suction lines as short and

direct as possible.
• Keep the piping at a minimum equal to or

greater than the bore size of the pump. Increase
the bore size of the pipe work when the duty
fluid has a high velocity or inertia. This will help
keep friction and impulse losses to a minimum.
Where critical velocities are a concern consult
your Watson-Marlow Bredel representative.

• Do limit the presence of sharp bends in the
process lines. Make sure that the radius of any
bends is as large as possible (R=4d to 5d). It is
recommended to use Y-connections instead of
T-connections.
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• Consult your Watson-Marlow Bredel
representative for recommendations on
mounting pulsation dampening devices. A
pulsation dampener and/or inlet pulse
accumulator may be necessary if the relative
density and pump speed is high and the line
lengths are long.

• The self-priming and positive displacement
nature of peristaltic pumps means that valves
are not required. If for whatever reason, valves
are fitted into the system, they must have a
straight fluid path and cause minimum
restriction to flow in the pumping circuit. Note
that check valves directly in the process stream
may increase pulsation and negatively impact
hose life.

• For ease of hose changing and some pulsation
suppression, it is recommended to use a
segment of flexible hose between the pump
flange and hard piping of the suction and/or
discharge line. A segment of three quarters (3/
4) of the pump hose length for the flexible pipe
work is recommended. Watson-Marlow Bredel
also recommends installing an isolation valve
and pipe-drain in the suction and discharge pipe
work to allow fluid isolation and drainage from
the pump during maintenance. Following these
recommendations will help minimize process
fluid exposure by maintenance personnel.

• For the flexible hoses select compatible
materials and ensure the installation is suited
for the design pressure of the system.

• Prevent any possibilities of exceeding the
maximum working pressure of the hose pump.
Refer to § 10.1.1. If necessary install a pressure
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relief valve or shutdown switch. Consult your
Watson-Marlow Bredel representative for more
detailed information.

• Make sure that the maximum forces on the
flanges are not exceeded. The permissible
loads are given in the following table.

5.3.4 Variable Frequency Drive

If the hose pump is fitted with a Watson-Marlow Bredel
Variable Frequency Drive (VFD), consider the following
points:
• Take precautions so the motor does not re-start

automatically after an unscheduled stop.
In the event of a power or mechanical failure,
the Watson-Marlow Bredel VFD controls the
motor to stop. When the cause of the failure is

CAUTION
Consider the maximum permissible work-
ing pressure on the discharge side. 
Exceeding the maximum working pressure 
may lead to serious damage to the pump.

Maximum permissible loads on the pump flange

Force Unit SPX25 SPX32

F1 N 600 600

lbf 135 135

F2 N 500 500

lbf 112 112

F3 N 200 200

lbf 45 45

WARNING
A Watson-Marlow Bredel VFD that is fitted 
without the control switch starts automati-
cally when power is applied. 
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removed, the motor can restart automatically.
The automatic restart is dangerous to certain
installations of the pump.

• All control cables outside the enclosure must be
shielded and have a cross sectional area
between 0.22 and 1 mm2. The shielding must
be connected to earth at both ends.

5.4 Lifting and moving the pump

For lifting and moving the pump head, it has been fitted
with a lifting strip. This lifting strip (A) is fitted on the rear
of the pump head. For the weights, refer to § 10.1.5.

The complete hose pump, i.e. pump head, gearbox and
electric motor, must be lifted using the lifting strip of the
pump head plus additional support using suitably rated
straps or slings (A). For the weights, refer to § 10.1.5.

5.5 Placing the pump

Position the pump on a horizontal surface. Use suitable
anchor bolts to attach the pump to the floor surface.

WARNING
If the pump is to be lifted ensure that all 
standard lifting practices are adhered to 
and carried out by qualified personnel only.

SPX25 SPX32

Thread 7/16-14
UNC

7/16-14
UNC
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6 COMMISSIONING

6.1 Preparations

1. Connect the electric motor and, if present, the
frequency controller in conformance with the
locally applicable rules and regulations. Refer to
§ 5.3.4. Have the electrical installation work be
carried out by qualified personnel.

2. Check that the lubricant level is above the
minimum level line in the inspection window. If
necessary refill Watson-Marlow Bredel Genuine
Hose Lubricant via the breather/vent plug. See
also § 7.4.

3. Check the rotation of the rotor. The rotational
direction of the rotor must match the
configuration of suction and discharge piping.

4. Check that the correct number of shims
corresponds with your application. Refer to
§ 10.1.7.
For adjusting the compression force of the
hose, refer to § 7.8.

WARNING
A Watson-Marlow Bredel VFD that is fitted 
without the control switch starts automati-
cally when power is applied.

WARNING
Disconnect and lock the power supply to 
the pump drive before any work is carried 
out.
Wait two minutes to make sure that the 
capacitors have discharged. This is neces-
sary when the motor is fitted with a Varia-
ble Frequency Drive (VFD) and has single 
phase power supply.
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6.2 Commissioning

1. Connect the pipework. Make sure that there are
no obstructions such as closed valves.

2. Switch on the hose pump.

3. Check the rotation of the rotor.

4. Check the capacity of the hose pump. If the
capacity differs from your specification, follow
the instructions in chapter 9 or consult your
Watson-Marlow Bredel representative.

5. Check the capacity range of the frequency
controller. In case of any deviations consult the
documentation of the supplier.

6. Check the hose pump in accordance with points
2 to 4 of the maintenance table from § 7.2.
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7 MAINTENANCE

7.1 General

7.2 Maintenance and periodic inspections

The following diagram shows the maintenance and
periodic inspections that need to be carried out on the
hose pump to guarantee an optimal safety, operation
and life of the pump.

WARNING
Disconnect and lock the power supply to 
the pump drive before any work is carried 
out.
Wait two minutes to make sure that the 
capacitors have discharged. This is neces-
sary when the motor is fitted with a 
Watson-Marlow Bredel Variable Frequency 
Drive (VFD) and has single phase power 
supply.

WARNING
Only use original Watson-Marlow Bredel 
parts when maintaining the hose pump. 
Watson-Marlow Bredel cannot guarantee 
correct operation and any consequential 
damage that occurs from the use of non-
original Watson-Marlow Bredel compo-
nents. See also chapters 2 and 3.
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Point Action To be carried out Remark

1 Check the lubricant 
level.

Before startup of the 
pump and on a sched-
uled interval during oper-
ation.

Make sure that the lubri-
cant level is above the 
minimum level line in the 
inspection window. 
If necessary refill the 
lubricant. See also § 7.4.

2 Check the pump head 
for any leakage of lubri-
cant around the cover, 
the flanges and the rear 
of the pump head.

Before startup of the 
pump and on a sched-
uled interval during oper-
ation.

See § 9.

3 Check the gearbox on 
any leakage. 

Before startup of the 
pump and on a sched-
uled interval during oper-
ation. 

In case of leakage con-
sult your Watson-Marlow 
Bredel representative.

4 Check pump for deviat-
ing temperature or 
strange noises. 

On a scheduled interval 
during operation.

See § 9.

5 Check pressing shoes 
for excessive damage.

When replacing the 
pump hose. 

See § 7.6.

6 Internal cleaning of the 
pump hose.

Cleaning of the system 
or product change.

See § 7.3.

7 Replacing pump hose. Preventive, this means 
after 75% of the hose life 
of the first hose.

See § 7.6.

8 Changing lubricant. After every 2nd hose 
change or after 5,000 
service hours, whichever 
comes first or after hose 
rupture.

See § 7.4

9 Changing oil in gearbox. Refer to lubricant table in 
§ 10.2.

See § 7.5.

10 Replacing pump seal. If necessary. See § 7.7.3.

11 Replacing wear ring. If necessary. See § 7.7.3.
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7.3 Cleaning pump hose

Running the pump with clean water can clean the inside
of the pump hose. If a cleaning fluid is added to the
water, attention must be given to its compatibility with
the hose liner material, and also the temperature at
which the cleaning procedure will be performed.
Sometimes a cleaning sponge can be very helpful.
With many products, it is necessary to clean the pump
hose immediately once the pump is stopped to avoid
sedimentation and/or hardening of the product within
the hose that can cause damage upon restart.

12 Replacing pressing 
shoes.

Wear on the running sur-
face.

See § 7.7.2.

13 Replacing bearings. If necessary. See § 7.7.3.

In potentially explosive 
atmospheres preventive 
after 20,000 hrs. service 
or when damage is sus-
pected.

See § 7.7.2.
Exclusively applicable in 
potentially explosive 
atmospheres (Group II 
Appliances, category 
2 GD c k T4).

14 Cleaning the hose 
pump.

In potentially explosive 
(dust) atmospheres, the 
dust must be removed 
regularly.

Exclusively applicable in 
potentially explosive 
atmospheres (Group II 
Appliances, category 
2 GD c k T4).

Point Action To be carried out Remark



MAINTENANCE

32

7.4 Changing lubricant

1. Place a tray (A) under the drain plug in the
cover of the pump. Remove the drain plug (B).
Catch the lubricant from the pump housing in
the tray. Position the drain plug and tighten it
firmly.

2. The pump housing can be filled with lubricant
via the breather/vent (A) on the rear of the
pump housing. For this purpose remove the
breather cap (B) and position a funnel (C) in the
breather. In order to facilitate the filling with
lubricant the breather cap (D) on the rear of the
pump housing can be removed. Pour the
lubricant in the pump housing via the funnel.

3. Keep on pouring until the lubricant level has
risen at least until just above the minimum level
line in the inspection window.

7.5 Changing oil in gearbox

1. Isolate the pump from the electrical supply.

For the required quantity of lubricant, refer 
to § 10.1.4.
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2. Remove plug (A) and let the oil run out of the
gearbox.

3. The plug (A) is magnetically loaded. In this way
metal particles in the oil are pulled to the plug.
Clean the plug and remove any metal particles
if necessary. Check that the sealing ring is not
damaged and replace it if necessary. Place the
plug back in the gearbox and tighten it firmly.

4. Remove level plug (B) and filling plug (C) and
position a funnel in the hole and fill the gearbox
with oil until the oil just comes out of the level
plug hole (B). Wait shortly to let out any
entrapped air. Place plug (B) and filling plug (C)
back and tighten them firmly.

5. Switch on the electrical supply to the pump.

7.6 Replacing pump hose

7.6.1 Removing pump hose

1. Isolate the pump from the electrical supply.

For the required lubricant, refer to § 10.2.

WARNING
To prevent damage to the gears, do not 
operate the pump unless proper volume of 
oil is filled into the gearbox.

CAUTION
For all weight and torque adjustment, 
please refer to the technical information 
section at the rear of this manual. 
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2. Close any shut-off valves in both the suction
and discharge line to minimize product loss.

3. Place a tray (A) under the drain plug in the
bottom of the pump head. The tray must be
large enough to contain the lubricant, possibly
contaminated with product fluid, from the pump
head. Remove the drain plug (B). Catch the
lubricant from the pump housing in the tray.
Check that the breather vent mounted on the
rear is not obscured. Position the drain plug and
tighten it firmly.

4. Loosen the retaining bolts (A) of both the
suction and discharge line (B). Disconnect the
suction and discharge lines.

5. Loosen hose clamp (A) of both the inlet and
outlet ports by loosening retaining bolt (B).
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6. Pull the insert (B) from the hose and remove the
flanges (A). Carry out this procedure both for
the inlet and outlet ports.

7. Loosen the retaining bolts (A) of the flange
bracket (B) and remove the bolts. Slide the
flange bracket and the hose clip (C) off the
hose. Carry out this procedure both for the inlet
and outlet ports.

8. Slide off the sealing ring (A). Check that the
sealing ring is not deformed or damaged and
replace it if necessary. Carry out this procedure
both for the inlet and outlet ports.

9. Switch on the electrical supply.

WARNING
Removal of the hose is a powered process 
and requires rotation of the pump. Ensure 
body and tools are clear from moving parts 
prior to proceeding with hose removal.
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10. Power out the hose (A) from the pump chamber
by jogging the drive motor.

7.6.2 Cleaning the pump head
1. Isolate the pump from the electrical supply.

2. Remove the cover (B) by loosening the
retaining bolts (A). 

3. Check the sealing ring (C) and replace it if
necessary.

4. Rinse the pump head with clean water and
remove all residues. Make sure that no rinsing
water remains in the pump head.

5. Check the pressing shoes for wear or damage
and replace them if necessary. Refer to § 7.7.2.
Also see the maintenance diagram in § 7.2.

6. Replace the cover and fasten the retaining bolts
with the correct torque. Refer to § 10.1.6.

7. Switch on the electrical supply to the pump.

WARNING
During jogging the drive:
- Do not stand in front of the pump 

ports.
- Do not try to guide the hose by 

hand.

CAUTION
When the pressing shoes are worn the 
compression force of the hose decreases. 
If the compression force is too low, this 
results in a loss of capacity by the backflow 
of the liquid to be pumped. 
Backflow results in a reduction of the life of 
the pump hose.



MAINTENANCE

37

7.6.3 Fitting the pump hose

1. Clean the (new) pump hose on the outside and
fully lubricate it with Watson-Marlow Bredel
Genuine Hose Lubricant.

2. Turn on the pump and note the direction of the
pump rotation.

3. Fit the pump hose (A) via one of the ports –
whichever is the suction based on rotation
direction. Feed the hose into the port and allow
the pressing shoe to draw the hose in the pump
housing. The rotor will move the hose.

4. Stop the motor when the hose sticks out equally
from both sides of the pump housing. 

WARNING
Fitting the pump hose is a powered proc-
ess and requires pump rotation.
Ensure the pump cover is properly fitted 
and that body and tools are clear from 
moving parts.

WARNING
For all weight and torque adjustment, 
please refer to the technical information 
section at the rear of this manual. 

WARNING
During jogging the drive:
- Do not stand in front of the pump 

ports.
- Do not try to guide the hose by 

hand.



MAINTENANCE

38

5. First fit the inlet port. Fit the sealing ring.
Before mounting, check that the sealing ring (A)
is not deformed or damaged and replace it if
necessary. 

6. Before fitting check that the hose clamp is not
damaged and replace it if necessary. Slide the
flange bracket (B) and the hose clamp (C) over
the hose together. Align the holes in the flange
bracket with the ones at the front of the port.
Position the two retaining bolts (A) and tighten
them until they are approx. 5 mm (3/16”) from
the port, so that the gap between the flange
bracket and the port remains.

7. Slide insert (B) in flange (A) and press the insert
in the hose. If necessary lubricate the insert with
Watson-Marlow Bredel Genuine Hose Lubricant
in order to simplify mounting. Make sure that the
holes in flange (A) are aligned with the holes in
flange bracket (C). Check that the insert is in
the correct place. If the insert is not positioned
correctly the product to be pumped may leak or
the lubricant may leak.

8. Fit the suction line (B) and the retaining bolts
(A). Tighten the retaining bolts with the correct
torque. Refer to § 10.1.6.
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9. Turn the rotor in such a way that the hose (A) is
pressed firmly against the flange surface (B).

10. Now fully tighten the retaining bolts (A) of the
flange bracket (B). Make sure the bolts are
tightened with the correct torque. Refer to
§ 10.1.6.

11. Position hose clamp (A) against O-ring chamber
of the flange bracket (B) and fasten the
retaining bolt. Make sure the bolts are tightened
with the correct torque. Refer to § 10.1.6.

12. Now fit the other port. For this port proceed in
the same way as described above for the inlet
port.

13. Fill the pump housing with Watson-Marlow
Bredel Genuine Hose Lubricant. Refer to § 7.4.
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7.7 Exchanging replacement parts

7.7.1 General

7.7.2 Replacing pressing shoes
1. Jog the motor until the pressing shoe (B) is

positioned between the inlet and outlet port (A).

2. Isolate the pump from the electrical supply.

3. Place a tray (A) under the drain plug in the
cover of the pump. Remove the drain plug (B).
Catch the lubricant from the pump housing in
the tray. Position the drain plug and tighten it
firmly.

CAUTION
Items may be heavy. For all weight and 
torque adjustments for replacement proce-
dures under this section, please refer to 
the technical information in chapter 10. 
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4. Remove the cover (A) by loosening the four
retaining bolts (B).

5. Loosen the retaining bolt (A) of the pressing
shoe (B) and remove the shoe. Remove the
shims (C) if present.

6. Fit the removed shims (C) again. Position the
(new) pressing shoe (B), check that the Nord-
Lock® rings (D) have been positioned correctly
and tighten the retaining bolt(s) (A) a few turns.
Refer to § 10.1.6.

7. Check the gasket (C) for damage and replace if
necessary. Refit the cover (B). Make sure that
the 4 bolts (A) are refitted and that they are
tightened in the correct order, diagonally
opposite each other. Refer to § 10.1.6.

8. Switch on the electrical supply.

9. Jog the motor until the second pressing shoe is
positioned between the inlet and outlet port.
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10. Isolate the pump from the electrical supply.

11. Repeat the procedure for removing and fitting
this second pressing shoe by repeating steps 4
through 8.

12. Refill the lubricant. Refer to § 7.4.

7.7.3 Replacing seal ring, bearings and wear ring
1. Remove the pump hose. Refer to § 7.6.1.

2. Isolate the pump from the electrical supply.

3. Remove the cover (B) by loosening the
retaining bolts (A).

4. Check the sealing ring (C) and replace it if
necessary.

5. Loosen the retaining bolt (A) of both pressing
shoes (B). Remove the shims (C) if present.
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6. Use two crow bars to remove the rotor (A).
Position both crow bars behind the recesses (B)
in the rotor and push the rotor from the hub.

7. Remove the retaining circlip (A) with the correct
tool.

8. Remove the bearings (A) with the correct tool,
the spacer ring (B) and the retaining circlip (C).

9. Remove the seal (A). Clean and degrease the
bore.
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10. Fit a new seal (A) using a wooden block and
hammer. Carefully hit the seal crosswise and
with equal strength in the bore until it touches
the hub. The seal must be fitted in the correct
orientation (B). Make sure that the open side
points to the pump cover.

11. Support the rotor with wooden blocks at 90° to
the spokes, with the ring (A) facing down.
Position a suitable punch against the rear of the
glued wear ring. Prevent damage to the wear
ring seat or other parts.

12. Turn the rotor over. Make sure that the seats of
the new wear ring (A) and rotor are clean, dry
and free of grease. Apply Loctite® type 641 or
603 both on the rotor and the wear ring.
Position the new wear ring with the tapered
edge facing up. Use a plastic hammer to fit the
ring on the rotor until it touches the rotor
completely.

13. Check that the hub is clean and free of grease.
Fit the bearings and the rings now.
The bearings are placed on the hub with a slight
interference fit. Use a pressing tool to press the
bearings on the hub.
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14. Mount the retaining circlip (A).

15. Fit rotor (A). The rotor is placed on the bearings
with a loose fit. Press the rotor on the hub until it
sticks.

16. Fit the removed shims (C) again. Position the
(new) pressing shoe (B), check that the Nord-
Lock® rings (D) have been positioned correctly
and tighten the retaining bolt(s) (A) a few turns.
Refer to § 10.1.6.

17. Check the gasket (C) for damage and replace if
necessary. Refit the cover (B). Make sure that
the 4 bolts (A) are refitted and that they are
tightened in the correct order, diagonally
opposite each other. Refer to § 10.1.6.

18. Switch on the electrical supply to the pump.

19. Fit the (new) pump hose. Refer to § 7.6.3.
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7.8 Adjusting hose compression force
(shimming)

Remove the pump cover before fitting and removing
shims. In order to determine the correct number of
shims for your specific application refer to § 10.1.7. 

1. Jog the motor until the pressing shoe (B) is
positioned between the inlet and outlet port (A).

2. Isolate the pump from the electrical supply. 

CAUTION
Too many shims, this means a too high 
compression force on the pump hose, will 
create a too high load on the pump head 
and pump hose, which may result in a 
reduction of the life of the pump hose and 
bearings.

CAUTION
Too few shims, this means a too low com-
pression force on the pump hose, create a 
loss of yield and slip or backflow. Backflow 
results in a reduction of the life of the pump 
hose.
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3. Place a tray (A) under the drain plug in the
cover of the pump. Remove the drain plug (B).
Catch the lubricant from the pump housing in
the tray. Position the drain plug and tighten it
firmly.

4. Remove the cover (B) by loosening the
retaining bolts (A).

5. Loosen the retaining bolt (A) of the pressing
shoe (B). Fit the shims (C) or remove them, until
the correct number of shims is present. Refer to
§ 10.1.7. 
Fasten the retaining bolt of the pressing shoe
with the correct torque. Refer to § 10.1.6.

6. Refit the cover (B). Check the gasket (C) for
damage and replace if necessary. Make sure
that all bolts (A) are refitted and that they are
tightened in the correct order, diagonally
opposite each other. Refer to § 10.1.6.

7. Switch on the electrical supply.

8. Jog the rotor until the second pressing shoe is
positioned between the inlet and outlet port.
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9. Isolate the pump from the electrical supply.

10. Repeat the procedure for this pressing shoe by
repeating steps 4, 5, 6 and 7.

11. Refill the lubricant via the breather. Refer to
§ 7.4.

7.9 Fitting options

7.9.1 Fitting a high-level float switch
Switch rating: 230 VAC, 2 A, max. power load 40 VA.

1. Remove the standard breather (B) on the rear
of the pump, by removing it from crimp
connector (A).

2. Slide the standard breather cap (A) from
breather (B).
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3. Replace the standard breather cap with the
breather cap with high level float switch (A) and
slide it over breather (B).

4. Mount the breather (B) on the rear of the pump,
by mounting it on crimp connector (A).

5. Connect the high-level float switch to the
auxiliary power circuit via the 1.5 meter long
PVC cable (2 x 0.24 mm2). Bear in mind that
the electrical contact of the float switch is
normally closed (NC). When the lubricant level
is (too) high the contact will open.

Specifications

Voltage: Max. 230 V AC/DC

Current: Max. 2 A

Power: Max. 40 VA

Where the floater is constructed to stop the 
equipment, operating has to be arranged 
so that the stop function locks-out, prevent-
ing the equipment from being re-started 
without re-setting. Check if the floater is 
mounted with the NC sign at the top.
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7.9.2 Fitting a high and low level float switch
Switch rating: 230 VAC, 2 A, max. power load 40 VA.

1. If the pump is filled with lubricant this must be
removed first. Place a tray (A) under the drain
plug in the cover of the pump. Remove the drain
plug (B). Catch the lubricant from the pump
housing in the tray. Position the drain plug and
tighten it firmly.

2. Remove the plugs (A) and (B) on the rear of the
pump head.
Position the quick couplings (C) and (D) in both
openings.
Clamp both connection tubes (E) and (F) on the
riser pipe (G) and the quick links (C, D).

3. Connect the high and low-level float switch to
the electrical supply. Bear in mind that the
electrical contact of the float switch is normally
closed (NC).
This means that:
• the contact of the high level float switch

opens at a (too) high lubricant level;
• the contact of the low level float switch

opens at a (too) low lubricant level.

4. Make sure the lubricant returns to the
prescribed level. Refer to § 7.4.
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7.9.3 Fitting revolution counter
1. Fit the inductive sensor (A) in stop (B) and

adjust it to dimension "X" as indicated in the
table below. Tighten the adjusting nuts with a
torque of 25 Nm (220 lbf in).

2. Remove stop (A) which is on the horizontal
center line at the rear of the pump housing.
Check that the sealing ring (B) is not damaged
and replace it if necessary.

3. Fit the stop with the inductive sensor (A)
together with sealing ring (B) on the pump
housing. 

4. Connect the sensor via the 2 meter long PVC
cable (3 x 0.34 mm2).

5. Make sure the lubricant returns to the
prescribed level. Refer to § 7.4.

Dimension "X" ± 0.1 mm

SPX25 SPX32

26 mm 28.5 mm

Specifications

Voltage: 10...30 VDC

Current: Max. 200 mA
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8 STORAGE

8.1 Hose pump

• Store the hose pump or pump parts in a dry
area. Make sure that the hose pump or pump
parts are not exposed to temperatures lower
than -40 °C (-104 °F) or higher than +70 °C
(158 °F).

• Cover the openings of the inlet and outlet ports.
• Prevent corrosion of untreated parts. For this

purpose use the correct protection or packaging
means.

• After a long period of standstill or storage (i.e.
pump is idle for a period of longer than one
continuous month), the static load on the pump
hose may cause permanent deformation, which
will reduce the life of the pump hose and may
cause difficulty in starting. 
To prevent deformation of the hose, pump
motor should be jogged on a monthly basis to
allow repositioning of the shoe on the hose. 
If motor jogging is not possible and long term
shutdown is expected, remove a pressing shoe
and turn the rotor so far that the second
pressing shoe is in front of the inspection
window. In this way there is no load put on the
pump hose. When startup is again expected,
replace the pressing shoes, the proper number
of shims, and the lubricant.

8.2 Pump hose

• Store the pump hose in a cool and dark room.
After 2 years the hose material will age, which
will reduce the life of the hose.
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9 TROUBLESHOOTING

If the hose pump does not function (correctly), consult the following checklist to see if
you can remedy the error yourself. If this is not the case, contact your Watson-Marlow
Bredel representative.

WARNING
Disconnect and lock the power supply to 
the pump drive before any work is carried 
out.
Wait two minutes to make sure that the 
capacitors have discharged. This is neces-
sary when the motor is fitted with a fre-
quency controller and has single phase 
power supply.

Problem Possible cause Correction

Failure to operate. No voltage. Check that the supply 
power switch is on.

Check the electrical sup-
ply is available at the 
pump.

Check current limit of elec-
trical source to pump.

Stalled rotor. Check that hose and lubri-
cant are loaded properly 
and pressing shoes are 
shimmed properly.

Lubricant level monitoring 
system has been activated.

Check that the lubricant 
level monitoring system 
has stopped the pump.
Check the lubricant level 
and proper functioning of 
the level switch(es).
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High pump temperature. Non-standard hose lubri-
cant used.

Consult the Watson-Mar-
low Bredel representative 
for the correct lubricant.

Low lubricant level. Add Watson-Marlow 
Bredel Genuine Hose 
Lubricant. For the required 
amount of lubricant refer to 
§ 10.1.4.

Product temperature too 
high.

Consult the Watson-Mar-
low Bredel representative 
about the maximum tem-
perature range of the prod-
uct.

Internal friction on the hose 
caused by blocked or poor 
suction characteristics.

Check pipework/valves for 
blockages. Ensure that the 
suction pipework is as 
short as possible and that 
the diameter is large 
enough.

Over-shimming of the 
pump rotor shoes.

Consult the diagram. Refer 
to § 10.1.7. Remove 
excess shims.

High pump speed. Reduce pump speed to a 
minimum. Consult with 
your Watson-Marlow 
Bredel pump representa-
tive for advice on optimum 
pump speeds.

Problem Possible cause Correction
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Low capacity / pressure. Shut-off valve in the suc-
tion line (partly) closed.

Fully open the shut-off 
valve.

Under shimming of the 
pressing shoes.

Check shimming. Refer to 
§ 10.1.7. Fit the correct 
number of shims.

Hose failure or badly worn 
hose.

Replace hose. Refer to 
§ 7.6.

Partial blockage of the suc-
tion line or too little product 
on the suction side.

Ensure that the suction line 
is clear of blockages and 
that sufficient product is 
available.

Connections and hose 
clamps not correctly 
mounted, which allows the 
pump to draw in air.

Tighten connections and 
hose clamps.

You are starving the pump 
because the speed is too 
high for your suction pres-
sure.

Consult your Watson-Mar-
low Bredel representative 
for a recommendation.

Vibration of the pump 
and pipework.

Suction and discharge 
lines are not secured cor-
rectly.

Check and secure pipe-
work. 

High pump speed with long 
suction and discharge lines 
or high relative density or a 
combination of these fac-
tors.

Reduce pump speed.
Reduce the line lengths on 
both suction and dis-
charge where possible. 
Consult your Watson-Mar-
low Bredel representative 
for a recommendation.

Too narrow diameter of 
suction and/or discharge 
line.

Increase the diameter of 
the suction/discharge lines.

Problem Possible cause Correction
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Short hose life. Chemical attack of the 
hose.

Check the compatibility of 
the hose material with the 
product to be pumped. 
Consult your Watson-Mar-
low Bredel representative 
for correct hose selection.

High pump speed. Reduce pump speed.

High discharge pressures. It is recommended that the 
pressure on the discharge 
of the pump does not 
exceed 1600 kPa 
(232 psi). Check that the 
discharge line is not 
blocked, the shut-off valves 
are fully opened and the 
pressure relief valve func-
tions properly (if present in 
the discharge line).

High product temperature. Consult your Watson-Mar-
low Bredel representative 
for correct hose selection.

High pulsations. Restructure the discharge 
and inlet conditions. 

Hose pulled into the 
pump.

Insufficient or no hose 
lubricant in the pump head.

Add extra lubricant. Refer 
to § 7.4.

Incorrect lubricant: no 
Watson-Marlow Bredel 
Genuine Hose Lubricant in 
the pump head.

Consult the Watson-Mar-
low Bredel representative 
for the correct lubricant.

Extremely high inlet pres-
sure - larger than 300 kPa 
(43.5 psi).

Reduce the inlet pressure.

Problem Possible cause Correction



TROUBLESHOOTING

57

Lubricant leakage at 
flange bracket.

Hose blocked by an incom-
pressible object in the 
hose. The hose cannot be 
compressed and will be 
pulled into the pump hous-
ing.

Remove hose, check for 
blockages and replace if 
necessary.

Bolts of flange bracket 
loose.

Tighten to the specified 
torque settings. Refer to 
§ 10.1.6.

Bolts of hose clamps loose. Tighten to the specified 
torque settings. Refer to 
§ 10.1.6.

Leakage from the rear of 
the pump housing 
"Buffer zone".

Damaged sealing ring. Replace sealing ring.

Problem Possible cause Correction
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10 SPECIFICATIONS

10.1 Pump head

10.1.1 Performance

Description Unit SPX25 SPX32

Max. capacity, continuous m3/h 1.80 3.25

GPM 7.92 14.31

Max. capacity, intermittently *

* Intermitted duty: "Let the pump stand still to cool down for at least 1 hour after 2 hours of 
operation".

m3/h 2.88 5.25

GPM 12.68 23.12

Capacity per revolution l/rev 0.300 0.625 

Gal/rev 0.079 0.165

Max. permissible discharge kPa 1600

PSI 232

Permissible ambient temperature °C -20 to +45

°F -4 to +113

Permissible product temperature °C -10 to +80

°F +14 to +176

Sound level on 1 m dB(A) 70
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10.1.2 Materials

Pos Description Material

1 Pump housing Cast-iron

2 Cover Cast-iron

3 Pump rotor Cast-iron

4 Pressing shoe Aluminum

5 Pump support Mild steel, galvanized*

* Available in Stainless Steel upon request.

6 Flange bracket Mild steel, galvanized*

7 Mounting material of pump cover Mild steel, galvanized*

8 Mounting material of drive system Mild steel, galvanized*

9 Mounting material of pump support Mild steel, galvanized*

10 Seals Neoprene or Nitrile 
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10.1.3 Surface treatment
• After surface preparation, one layer of two-component acrylate is used for

surface protection. Standard color is RAL 3011, however other colors are
optional. Contact your Watson-Marlow Bredel representative for details on
surface treatment.

• All galvanized parts, exclusive of mounting articles, have been provided with an
electrolytic zinc layer of 15 - 20 microns.

10.1.4 Lubricant table pump

Watson-Marlow Bredel Genuine Hose Lubricant is registered at NSF: NSF Registration
No 123204; Category Code H1. See also: www.NSF.org/USDA.

The relative density of Watson-Marlow Bredel Genuine Hose Lubricant is 1.245.

Unit SPX25 SPX32

Lubricant - Watson-Marlow 
Bredel Genuine 
Hose Lubricant

Watson-Marlow 
Bredel Genuine 
Hose Lubricant

Required quantity Liters 2 3.5

Gallons 0.5 0.9

Should you require additional information with respect to the safety data 
sheet, consult your Watson-Marlow Bredel representative.
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10.1.5 Weights

Description Weight [kg/lbs]

SPX25 SPX32

Pump head 39 86 58.5 129

Flange connection (2x), without inserts 3.72 8 5.52 12.2

Stainless steel insert (2x) 0.26 0.6 0.36 0.8

Hose 2 4.4 3 6.6

Lubricant 2.5 5.5 4.4 9.7

Sub total pump head 47.5 104.5 71.8 158.3

Pump support 5.7 12.6 7.1 15.7

Mounting material gearbox-pump head 0.3 0.7 0.3 0.7

Gearbox (model B3-B5) 15.5 34.2 21 46.3

Electric motor 17.3 38.1 25.7 56.7

Varmeca 3 6.6 3 6.6

Total weight of unit 89.3 196.9 128.9 284.2

Pump cover (with inspection window) 9.4 20.7 12.5 27.6

Rotor 5.4 11.9 8.3 18.3

Pressing shoe 0.4 0.9 0.7 1.5
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10.1.6 Torque figures

Pos Description Unit SPX25 SPX32

A Pressing shoe Nm 64 64

lbs 566 566

B Cover Nm 50 50

lbs 442 442

C Hose clamp Nm 25 25

lbs 220 220
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D Flange bracket Nm 50 50

lbs 442 442

E Support Nm 25 85

lbs 221 752

F Gearbox Nm 25 50

lbs 221 442 

Pos Description Thread, A/F

SPX25 SPX32

A Pressing shoe M10
17 mm

M10
17 mm

B Cover M10
17 mm

M10
17 mm

C Hose clamp M8
13 mm

M8
13 mm

D Flange bracket M10
17 mm

M10
17 mm

E Support M8
13 mm

M12
19 mm

F Gearbox M8
13 mm

M10
13 mm 

Pos Description Unit SPX25 SPX32
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10.1.7 Shims specifications
• When the temperatures are above 60 °C (140 °F) always use one shim less

than indicated in the diagrams.
• Always round up the number of shims.
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10.2 Lubricant table gearbox

Below is an overview of some of the recommended lubricants for the co-axial gearbox.
In the majority of the cases, a mineral oil ISO VG 220 is recommended. In case of
extreme ambient temperatures or a relatively wide range of ambient temperatures, a
synthetic oil is recommended. Contact your Watson-Marlow Bredel representative for
advice.

Recommended lubricants for the Watson-Marlow Bredel co-axial gearboxes

Oil type Mineral oil Synthetic oil

Change oil 
every

5000 hours 20,000 hours 

Ambient tem-
perature

-10 °C to +40 °C -40 °C to +80 °C -30 °C to +60 °C

14 °F to 104 °F -40 °F to 176 °F -22 °F to 140 °F

DIN (ISO) CLP (CC) CLP HC CLP HC

ISO, NLGI VG220 VG220 VG150

Mobil Mobilgear 630 Mobil SHC 630 Mobil SHC 629

Shell Shell Omala 220 Shell Omala 220 HD

Klüber Klüberoil GEM 1-220 Klübersynth GH4-220 Klübersynth EG 4-150

Aral Aral Degol BG 220 Aral Degol PAS220

BP BP Energol GR-XP 220

Tribol Tribol 1100/220 Tribol 1510/220

Texaco Meropa 220 Pinnacle EP220 Pinnacle EP150 

Optimol Optigear BM 220 Optigear Synthetic 
A220

Fuchs Renolin CLP 220 Renolin Unisyn CLP220 
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10.3 Electric motor

Standard electric motor design is an enclosed three-phase asynchronous motor. A
thermal safety device to prevent motor overload is optional.

Recommended lubricants for the Watson-Marlow Bredel co-axial gearboxes

Oil type Synthetic oil

Change oil 
every

20,000 hours 

Ambient tem-
perature

-30 °C to -10 °C -30 °C to +60 °C -30 °C to +40 °C

-22 °F to 14 °F -22 °F to 140 °F -22 °F to 104 °F

DIN (ISO) CLP HC HCE E

ISO, NLGI VG32 VG460 VG460

Foodgrade* Biology**

Mobil Mobil SHC 624

Shell Shell Cassida Fluid GL 
460

Klüber Klüber-Summit HySyn 
FG32

Klüber oil 4UH1-460 Klüberbio CA2-460

Aral Aral Eural Gear 460 Aral Degol BAB 460

Texaco Cetus PAO 46 

Optimol Optileb GT 460 Optisynt BS460 

* For use in the foodstuffs industry. Meets the requirements of the USDA (United States 
Department of Agriculture): lubricant is suited for unforeseen contact with foodstuffs.

** Lubricant for use in agricultural areas and nature reserves.

Protection class IP55/IK08

Insulation class F

Increase in temperature Within class B

Voltage/frequency 230/400 V - 3 phases - 50 Hz

In case of doubt about the local applicable regulations for the drive connec-
tion, contact your Watson-Marlow Bredel representative.
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10.4 Gearbox

Co-axial gearbox with helical gears. Standard as a 2 and 3 stage version.

10.5 Frequency controller

The frequency controller has been preprogrammed and only needs to be connected to
the mains.

Mounting position IM 2001 (IM B35) foot flange gearbox with splined shaft in 
horizontal position.

Motor adapter Electric motor has been integrated in the gearbox housing, 
by which the smallest possible dimension is achieved.

Optional motor adapter Adapters in conformance with IEC-B5 or NEMA TC.

RFI filter Integrated RFI filter B (industrial applications).

Control Rotary knob for setting the speed and the keys for starting 
forward, stop and starting reverse.

Protection class IP65

Mains power supply There are 3 types available; the choice depends on the local 
electricity grid:
• 200-240 V ± 10%; 50/60 Hz ± 5%; 1 ph
• 200-240 V ± 10%; 50/60 Hz ± 5%; 3 ph
• 400-480 V ± 10%; 50/60 Hz ± 5%; 3 ph
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10.6 Parts list

10.6.1 Overview

Pos. Description

1 Cover assembly. Refer to § 10.6.2.

2 Rotor assembly. Refer to § 10.6.3.

3 Pump housing assembly. Refer to § 10.6.4.

4 Pump support assembly. Refer to § 10.6.5.

5 Flange assembly. Refer to § 10.6.6.

6 Lubricants. Refer to § 10.6.8.
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10.6.2 Cover assembly

Pos. Qty. Description Product codes for parts of pump type

SPX25 SPX32

1 4 Bolt, hex. head F101058 F101058

2 4 Washer F322013 F322013

3 1 Sticker 225238 232238

4 1 Cover 225102 232102

5 1 Quad ring 225123 232123

6 1 Gasket F342019 F342019

7 1 Drain cap F911502 F911502

8 1 Gasket 225156 232156

9 1 Inspection window 225155 232155

10 5 Round head screw F552036

6 F552036



SPECIFICATIONS

70

10.6.3 Rotor assembly

Pos. Qty. Description Product codes for parts of pump type

SPX25 SPX32

1 2 Pressing shoe 225110 232110

2 14 Shim 225107

10 232107

3 4 Spiral clamping bush F415084 F415084

4 2 Bolt, hex. head F101060 F101060

5 2 Nord-Lock ring F349006 F349006

6 1 Sealing cap S417007 S417007

7 1 Rotor 225103 232103

8 1 Wear ring 29120202 29120202
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10.6.4 Pump housing assembly

Pos. Qty. Description Product codes for parts of pump type

SPX25 SPX32

1 1 NR 025020 032020

1 NBR 025040 032040

1 CSM 025070 032070

1 EPDM 025075 032075

2 1 Pump housing 225101 232101

3 1 Lifting strip 29065361 29065361

4 1 Washer, Spring Lock F336012 F336012

5 1 Bolt F111096 F111096

6 4 Gasket F342027 F342027

7 3 Stop F901004 F901004

8 1 Seal 225114 232114

9 1 Crimp connector F602504 F602504

10 1 Breather 29095146 29095146

11 1 Breather cap 29065223 29065223

12 1 Seal S212411 S212411
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10.6.5 Support assembly

13 2 Bearing B141260 B141260

14 1 Retaining circlip 29095297 29095297

15 1 Spacer ring 29085201 29085201

16 1 Retaining circlip F343049 F343049

Pos. Qty. Description Product codes for parts of pump type

SPX25 SPX32

1 4 Bolt F101038 F101080

2 4 Washer F322012 F322015

3 1 Pump support 225106 232106

4 4 Spring washer F336011 F336013

5 4 Nut F301006 F301008

Pos. Qty. Description Product codes for parts of pump type

SPX25 SPX32
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10.6.6 Flange assembly

Pos. Qty. Description Product codes for parts of pump type

SPX25 SPX32

1 2 O-ring S112231 S112271

2 2 Flange bracket, Steel 225197 232197

2 Flange bracket, SS 225197A 232197A

3 4 Washer, Spring Lock F336012 F336012

4 4 Bolt F111096 F111096

5 2 Hose clamp C122005 C122005

6 2 Flange, DIN Steel 025198 032198

2 Flange, DIN SS 025199 032199

2 Flange, ANSI Steel 025198A 032198A

2 Flange, ANSI SS 025199A 032199A

7 2 Insert Stainless steel 025186 032186

2 Insert, PVC 025187 032187

2 Insert, PP 025189 032189

2 Insert PVDF 025190 032190
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10.6.7 Revolution counter assembly

10.6.8 Lubricants

Pos. Qty. Description Product codes for parts of pump type

SPX25 SPX32

1 1 Gasket F342027 F342027

2 1 Revolution counter 29040462 29040462

3 1 Adapter 29027248 29027248

Pos. Qty. Description Product codes for parts of pump type

SPX25 SPX32

1 1 2 l (0.5 gal) can Watson-
Marlow Bredel Genuine 
Hose Lubricant

902143 -

1 3 l (0.8 gal) can Watson-
Marlow Bredel Genuine 
Hose Lubricant

- 908143
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Safety form11 SAFETY FORM

Product Use and Decontamination Declaration
In compliance with the Health & Safety Regulations, the user is required to declare those substances that have 
been in contact with the item(s) you are returning to Watson-Marlow Bredel B.V. or any of its subsidiaries or dis-
tributors. Failure to do so will cause delays in servicing the item or in issuing a response. Therefore, please 
complete this form to make sure we have the information before receipt of the item(s) being returned. A com-
pleted copy must be attached to the outside of the packaging containing the item(s). You, the user, are respon-
sible for cleaning and decontaminating the item(s) before returning them. 

Please complete a separate Decontamination Certificate for each item returned. RGA no ...........................

1 Company ............................................................. .........................................................................................

Address ................................................................ .........................................................................................

Telephone .............................................................

Postal code...........................................................

Fax number ..........................................................

2 Product ................................................................ 3.4 Cleaning fluid to be used if residue of chemical is 
found during servicing; 

a)  ........................................................................

b)  ........................................................................

c)  ........................................................................

d)  ........................................................................

2.1 Serial Number ......................................................

2.2 Has the Product been used?

     YES       NO  

If yes, please complete all the following para-
graphs.

If no, please complete paragraph 5 only

3 Details of substances pumped 4 I hereby confirm that the only substances(s) that 
the equipment specified has pumped or come into 
contact with are those named, that the information 
given is correct, and the carrier has been informed 
if the consignment is of a hazardous nature.

3.1 Chemical Names 

a) ..........................................................................

b) ..........................................................................

c) ..........................................................................

d) ..........................................................................

5 Signed .................................................................

Name ...................................................................

Position ................................................................

Date .....................................................................
3.2 Precautions to be taken in handling these sub-

stances:

a) ..........................................................................

b) ..........................................................................

c) ..........................................................................

d) ..........................................................................

Note:

To assist us in our servicing please describe 
any fault condition you have witnessed.

.............................................................................

.............................................................................

.............................................................................

.............................................................................

.............................................................................

3.3 Action to be taken in the event of human contact:

a)  .........................................................................

b)  .........................................................................

c)  .........................................................................

d)  .........................................................................
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SENSAPHONE®
REMOTE MONITORING SOLUTIONS

2.8K TEMPERATURE SENSOR

Designea to monitor air temperature
in a clean, indoor, environment.

Sensing range depends on product. Check back page for
Sensaphone product compatibility. Does not come with
wire.

&lllll1
[p0N 400

II

P0wEROuT ALERT MODEL PS-i 10
A compact power outage monitoring device to
detect power failures. Easily plugs into any 110
VAC receptacle outlet for operation. Works with
all Sensaphone products. Comes with 15 feet of
wire.

FGD.0054 Power-Out Alert MODEL PS-I 10 $59.00

_. 2.8K WEATHERPROOF TEMPERATURE
• Small, sealed, general purpose

temperature probe for indoor or outdoor use.
Sensing range depends on product. Check back page for
Sensaphone product compatibility. Comes with 12 feet of
wire.

FGD-0I0l 2.8KWeatherproofTemperature $30.00

- MAGNETIC REED SwITcH

The magnetic reed switch may be used
with all Sensaphone models to detect any

unauthorized entry or intrusion. They are usually installed
on doors and windows to detect their opening and closing.
Several magnetic reed switches may be wired in series.

FGD-0006 Magnetic Reed Switch $10.00

2.8K TEMP SENSOR IN GLASS BEAD VIAL

Ideal for cold storage temperature monitoring,
the glass bead vial will buffer any momentary
fluctuations that may cause a preliminary
alarm dial out such as defrost cycles, opening
of doors, and fans circulating air.

FGD-0 107 2.8KTemperature Sensor in Glass Bead Vial $55.00

iT OAIEMP I-kLERT
-

- Wall mount, mechanical temperature
sensor to detect if air temperature is
too high or too low. Alarm limits are

adjustable from -30° to 130° F. Works with all Sensaphone
products. Does not come with wire.

FGD.0022 Temp ‘Alert $65.00

HuMIDIsTAT

Wall mount humidity sensor to detect
high or low humidity levels. Alarm
limits are adjustable from 10% to 60%
RH. Multiple sensors may be wired to

a single input. Works with all Sensaphone products. Does
not come with wire.

SPOT WATER DETECTION SENSOR

The water detection sensor can be used

_____

with all Sensahone models to detect the
presence of water on a horizontal surface.

Independently powered by internal lithium batteries. The
batteries should last for approximately 3-5 years. When the
batteries start to run down, the sensor will automatically
cause an alarm dial out when no water is present. Multiple
sensors can be wired in series to a single input.

FGD-00 13 Spot Water Detection Sensor $90.00

ZONE WATER DETECTOR

For use in detecting the presence of water
on a floor or in a false ceiling. Comes with

10’ of WaterRope cable to cover a larger
area than the FGD-0013 water sensor. Up

to three WaterRopes can be cascaded from a single sensor
for even greater coverage. Works with all Sensaphone
products. Comes with 25 feet of wire.

FGD-0056 Zone Water Detector $135.00

FGD.0063 Additional 10’ ofWater Rope $70.00

400 & 800 Series
Expand the Capabilities of your Sensaphone

FGD-0 100 2.8KTemperature Sensor $20.00

FGD-0027 Humidistat $40.00



INFRA-RED MOTION DETEcTOR

The passive infra-red motion detector can be
/

, used with all Sensaphone models to monitor
the movement of warm bodies in a specific area
It will cause an alarm if motion is detected. It’s

range of detection covers approximately forty feet of area.
Multiple sensors can be wired in series to a single output.

FGD.0007 Infa-Red Motion Detector $79.00

SMOKE DETECTOR 1 2OVAC
This photoelectric smoke alarm is
powered by a hard wired 12OVAC
connection and provides an alarm output

to trigger a Sensaphone alarm dial out.
Works with all Sensaphone products. Does

Side mounted float switch
that is effective in level

control applications in small tanks where it is more
convenient to install a level switch through the sidewall of
the tank. Can be set to normally open or closed.

FGD-0222 Float Switch $39.00

MULTI-POINT ‘NIRELESS I/O
This matched transmitter and receiver
accepts two contacts and one 4-2OmA
signal and replicates them up to 5 miles
away (line of sight). Perfect for connecting
distant equipment to your Sensaphone.

FGD-0205 Multi-Point Wireless 110 $1,250.00

ACCESSORY WIRE

50ft. of 22-gauge shielded wire
for connecting sensors to your
Sensaphone.

FGD-00l0 Accessory Wire $6.00

SURGE SUPPRESSOR

I Protects Sensaphone products from high
voltage surges through AC power and
telephone lines. Particularly important in
areas of high lightening activity. Works with
all Sensaphone products except the SAT4D.

FGD-0067 Surge Suppressor $19.00

DUAL SETBACK THERMOSTAT

For use with the Model 400 and 800, this is
a “setback” thermostat with a LCD readout
that has a programmable “home” and “away”
temperature setting.

Dual Setback Thermostat $69.00

Power Supply for Dual Setback Thermostat $6.00

BLUETOOTH CELL PHONE INTERFACE

The XLink is simply a wireless link between
a cell phone and a Sensaphone. The XLink
allows the Sensaphone to dial and receive
calls using any cell phone with Bluetooth

technology. Perfect for access where a land line isn’t
available, the XLink is a must.

FGD-0230 Bluetooth Cell Phone Interface $119.00

A complete accessory specfication sheet is availablefor all sensors and accessories. A complete parts list is available
upon request or at www.sensaphone.com. All specifications subject to change.

.

not come with wire.

FGD-0049 Smoke Detector I 2OVAC $55.00

FGD-0049-B Smoke Detector wlbattery backup $65.00

FLOAT SWITCH

FGD-0064

XFR-0024



PHONETICS, INC. d.b.a. SENSAPHONE

NOTICE OF
WARRANTY DISCLAIMER OR LIMITATION, INDEMNIFICATION TERMS

AND/OR LIMITATION OF LIABILITY

PLEASE CAREFULLY READ THIS NOTICE, ANY LICENSE AGREEMENT, ANY LIMITED
WARRANTY,ANDANY OTHERAGREEMENTWITH SENSAPHONE BEFORE INSTALLATION
OF SOFTWARE AND/OR USING THE PRODUCT OR SERVICE.

THEENCLOSEDDOCUMENTS CONTAiN SENSAPHONE’ S STANDARDTERMSANDCONDITIONS.
WHERE PERMITTED BY THE APPLICABLE LAW, BY KEEPING YOUR SENSAPHONE PRODUCT
BEYOND THIRTY (30) DAYS AFTER THE DATE OF DELIVERY, YOU FULLY ACCEPT THE TERMS
AND CONDITIONS SET FORTH IN THE ENCLOSED DOCUMENTS.

IN ADDITION, WHERE PERMITTED BY THE APPLICABLE LAW, YOUR INSTALLATION
OF THE SOFTWARE AND/OR USE OF THE PRODUCT OR SERVICES CONSTITUTES FULL
ACCEPTANCE OF THE TERMS AND CONDITIONS OF THE LICENSE AGREEMENT AND/OR
WARRANTY CONTAINED HEREIN, AND IN THE PRODUCT MANUAL, AND THE USE OF ANY
SENSAPHONE WEB SITE. THESE MAY INCLUDE WARRANTY DISCLAIMERS, WARRANTY
LIMITATIONS, INDEMNIFICATION TERMS AND LIMITATIONS OF LIABILITY. IF YOU DO
NOT AGREE TO THE TERMS AND CONDITIONS OF ANY LICENSE AGREEMENT, WRITTEN
WARRANTY, WEB SITE OR OTHER AGREEMENT WITH SENSAPHONE, THEN YOU SHOULD
NOT USE THE PRODUCT AND SHOULD RETURN IT TO THE SELLER FOR A REFUND OF THE
PURCHASE PRICE.

IT MAY BE POSSIBLE FOR YOU TO USE A WEB SITE PROVIDED BY SENSAPHONE IN
CONNECTION WITH ITS PRODUCT(S) OR SERVICES. IF YOU DO AGREE TO USE SUCH WEB
SITE(S), THEN YOUR USE OF THE WEB SITE MAY BE GOVERNED BY SIMILAR LIMITATIONS,
EXCLUSIONS OR INDEMNIFICATION TERMS DESCRIBED ABOVE. YOU MUST READ THE
TERMS AND CONDITIONS ON SUCH WEB SITE BEFORE USE, AND AGREE TO THEM, AS YOUR
USE OF THE WEB SITE WILL BIND YOU TO THOSE TERMS AND CONDITIONS.

APPLICABLE LAW MAY LIMIT THE EXTENT TO WHICH YOUR RETENTION, INSTALLATION
OR USE CONSTITUTES ACCEPTANCE OF THE TERMS AND CONDITIONS DESCRIBED
HEREIN AND AS TO THE ENFORCEABILITY OF LIMITATIONS UPON OR EXCLUSIONS OF
WARRANTIES, INDEMNIFICATION TERMS, AND UPON LIMITATIONS OF LIABILITY.

ALL TERMS AND CONDITIONS IN ANY AGREEMENT, WARRANTY AND/OR LICENSE WITH
SENSAPHONE ARE EXPRESSLY SUBJECT TO THE LAWS OF THE STATE OF DELAWARE,
WITHOUT REGARD TO ITS CHOICE OF LAW PRINCIPLES.

THIS NOTICE IS INTENDED TO BRING THE EXISTENCE OF THE TERMS AND CONDITIONS
OF THE ENCLOSED DOCUMENTS TO YOUR ATTENTION AND TO DIRECT YOU TO READ
THE TERMS AND CONDITIONS OF THOSE DOCUMENTS. IT IS THE SPECIFIC LANGUAGE
OF THOSE TERMS AND CONDITIONS THAT WILL CONTROL THE PARTIES’ RELATIONSHIP,
RATHER THAN THE GENERAL LANGUAGE OF THIS NOTICE.



SENSAPHONE® 400/800 Series Warranty

1 YEAR LIMITED WARRANTY

PLEASE READ THIS WARRANTY CAREFULLY BEFORE USING THE PRODUCT.

THIS LIMITED WARRANTY CONTAINS SENSAPHONE’S STANDARD TERMS AND CONDITIONS. WHERE PERMITTED BY THE
APPLICABLE LAW, BY KEEPING YOUR SENSAPHONE PRODUCT BEYOND THIRTY (30) DAYS AFTER THE DATE OF DELIVERY,
YOU FULLY ACCEPT THE TERMS AND CONDITIONS SET FORTH IN THIS LIMITED WARRANTY.

IN ADDITION, WHERE PERMITTED BY THE APPLICABLE LAW, YOUR INSTALLATION AND/OR USE OF THE PRODUCT
CONSTITUTES FULL ACCEPTANCE OF THE TERMS AND CONDITIONS OF THIS LIMITED WARRANTY (HEREINAFTER
REFERRED TO AS “LIMITED WARRANTY OR WARRANTY). IF YOU DO NOT AGREE TO THE TERMS AND CONDITIONS THIS
WARRANTY, INCLUDING ANY LIMITATIONS OF WARRANTY, INDEMNIFICATION TERMS OR LIMITATION OF LIABILITY, THEN
YOU SHOULD NOT USE THE PRODUCT AND SHOULD RETURN IT TO THE SELLER FOR A REFUND OF THE PURCHASE
PRICE. THE LAW MAY VARY BY JURISDICTION AS TO THE APPLICABILITY OF YOUR INSTALLATION OR USE ACTUALLY
CONSTITUTING ACCEPTANCE OF THE TERMS AND CONDITIONS HEREIN AND AS TO THE APPLICABILITY OF ANY
LIMITATION OF WARRANTY, INDEMNIFICATION TERMS OR LIMITATIONS OF LIABILITY.

1. WARRANTOR: In this Warranty, Warrantor shall mean “Dealer, Distributor, and/or Manufacturer.”

2. ELEMENTS OF WARRANTY: This Product is warranted to be free from defects in materials and craftsmanship with only the limita
tions and exclusions set out below.

3. WARRANTY AND REMEDY: One-Year Warranty — In the event that the Product does not conform to this warranty at any time dur
ing the time of one year from original purchase, warrantor will repair the defect and return it to you at no charge.

This warranty shall terminate and be of no further effect at the time the product is: (1) damaged by extraneous cause such as fire,
water, lightning, etc. or not maintained as reasonable and necessary; or (2) modified; or (3) improperly installed; or (4) misused; or
(5) repaired or serviced by someone other than Warrantors’ authorized personnel or someone expressly authorized by Warrantor’s
to make such service or repairs; (6) used in a manner or purpose for which the product was not intended; or (7) sold by original pur
chaser.

LIMITED WARRANTY, LIMITATION OF DAMAGES AND DISCLAIMER OF LIABILITY FOR DAMAGES: THE WARRANTOR’S
OBLIGATION UNDER THIS WARRANTY IS LIMITED TO REPAIR OR REPLACEMENT OF THE PRODUCT, AT THE WARRANTOR’S
OPTION AS TO REPAIR OR REPLACEMENT. IN NO EVENT SHALL WARRANTORS BE LIABLE OR RESPONSIBLE FOR
PAYMENT OF ANY INCIDENTAL, CONSEQUENTIAL, SPECIAL AND/OR PUNITIVE DAMAGES OF ANY KIND, INCLUDING BUT
NOT LIMITED TO ANY LABOR COSTS, PRODUCT COSTS, LOST REVENUE, BUSINESS INTERRUPTION LOSSES, LOST
PROFITS, LOSS OF BUSINESS, LOSS OF DATA OR INFORMATION, OR FINANCIAL LOSS, FOR CLAIMS OF ANY NATURE,
INCLUDING BUT NOT LIMITED TO CLAIMS IN CONTRACT, BREACH OF WARRANTY OR TORT, AND WHETHER OR NOT
CAUSED BY WARRANTORS’ NEGLIGENCE. IN THE EVENT THAT IT IS DETERMINED IN ANY ADJUDICATION THAT THE
LIMITED WARRANTIES OF REPAIR OR REPLACEMENT ARE INAPPLICABLE, THEN THE PURCHASER’S SOLE REMEDY SHALL
BE PAYMENT TO THE PURCHASER OF THE ORIGINAL COST OF THE PRODUCT, AND IN NO EVENT SHALL WARRANTORS BE
LIABLE OR RESPONSIBLE FOR PAYMENT OF ANY INCIDENTAL, CONSEQUENTIAL, SPECIAL AND/OR PUNITIVE DAMAGES
OF ANY KIND, INCLUDING BUT NOT LIMITED TO ANY LOST REVENUE, BUSINESS INTERRUPTION LOSSES, LOST PROFITS,
LOSS OF BUSINESS, LOSS OF DATA OR INFORMATION, OR FINANCIAL LOSS, FOR CLAIMS OF ANY NATURE, INCLUDING
BUT NOT LIMITED TO CLAIMS IN CONTRACT, BREACH OF WARRANTY OR TORT, AND WHETHER OR NOT CAUSED BY
WARRANTORS’ NEGLIGENCE.

WITHOUT WAIVING ANY PROVISION IN THIS LIMITED WARRANTY, IF A CIRCUMSTANCE ARISES WHERE WARRANTORS
ARE FOUND TO BE LIABLE FOR ANY LOSS OR DAMAGE ARISING OUT OF MISTAKES, NEGLIGENCE, OMISSIONS,
INTERRUPTIONS, DELAYS, ERRORS OR DEFECTS IN WARRANTORS’ PRODUCTS OR SERVICES, SUCH LIABILITY SHALL
NOT EXCEED THE TOTAL AMOUNT PAID BY THE CUSTOMER FOR WARRANTORS’ PRODUCT AND SERVICES OR $250.00,
WHICHEVER IS GREATER. YOU HEREBY RELEASE WARRANTORS FROM ANY AND ALL OBLIGATIONS, LIABILITIES AND
CLAIMS IN EXCESS OF THIS LIMITATION.

INDEMNIFICATION AND COVENANT NOT TO SUE: YOU WILL INDEMNIFY, DEFEND AND HOLD HARMLESS WARRANTORS,
THEIR OWNERS, DIRECTORS, OFFICERS, EMPLOYEES, AGENTS, SUPPLIERS OR AFFILIATED COMPANIES, AGAINST ANY
AND ALL CLAIMS, DEMANDS OR ACTIONS BASED UPON ANY LOSSES, LIABILITIES, DAMAGES OR COSTS, INCLUDING BUT
NOT LIMITED TO DAMAGES THAT ARE DIRECT OR INDIRECT, INCIDENTAL, SPECIAL OR CONSEQUENTIAL, AND INCLUDING
ATTORNEYS FEES AND LEGAL COSTS, THAT MAY RESULT FROM THE INSTALLATION, OPERATION, USE OF, OR INABILITY
TO USE WARRANTORS’ PRODUCTS AND SERVICES, OR FROM THE FAILURE OF THE WARRANTORS’ SYSTEM TO REPORT A
GIVEN EVENT OR CONDITION, WHETHER OR NOT CAUSED BY WARRANTORS’ NEGLIGENCE.



YOU AGREE TO RELEASE, WAIVE, DISCHARGE AND COVENANT NOT TO SUE WARRANTORS, THEIR OWNERS, DIRECTORS,
OFFICERS, EMPLOYEES, AGENTS, SUPPLIERS OR AFFILIATED COMPANIES, FOR ANY AND ALL LIABILITIES POTENTIALLY
ARISING FROM ANY CLAIM, DEMAND OR ACTION BASED UPON ANY LOSSES, LIABILITIES, DAMAGES OR COSTS,
INCLUDING BUT NOT LIMITED TO DAMAGES THAT ARE DIRECT OR INDIRECT, INCIDENTAL, SPECIAL OR CONSEQUENTIAL,
AND INCLUDING ATTORNEYS FEES AND LEGAL COSTS, THAT MAY RESULT FROM THE INSTALLATION, OPERATION, USE OF,
OR INABILITY TO USE WARRANTORS’ PRODUCTS AND SERVICES, OR FROM THE FAILURE OF THE WARRANTORS’ SYSTEM
TO REPORT A GIVEN EVENT OR CONDITION, WHETHER OR NOT CAUSED BY WARRANTORS’ NEGLIGENCE, EXCEPT AS
NECESSARY TO ENFORCE THE EXPRESS TERMS OF THIS LIMITED WARRANTY.

EXCLUSIVE WARRANTY: THE LIMITED WARRANTY OR WARRANTIES DESCRIBED HEREIN CONSTITUTE THE SOLE
WARRANTY OR WARRANTIES TO THE PURCHASER. ALL IMPLIED WARRANTIES ARE EXPRESSLY DISCLAIMED, INCLUDING:
THE WARRANTY OF MERCHANTABILITY AND THE WARRANTY OF FITNESS FOR A PARTICULAR USE AND THE WARRANTY
OF FITNESS FOR A PARTICULAR PURPOSE AND THE WARRANTY OF NON-INFRINGEMENT AND/OR ANY WARRANTY
ARISING FROM A COURSE OF DEALING, USAGE, OR TRADE PRACTICE.

It must be clear that the Warrantors are not insuring your premises or business or guaranteeing that there will not be damage to your
person or property or business if you use this Product. You should maintain insurance coverage sufficient to provide compensation
for any loss, damage, or expense that may arise in connection with the use of products or services, even if caused by Warrantors’
negligence. The warrantors assume no liability for installation of the Product and/or interruptions of the service due to strikes, riots,
floods, fire, and/or any cause beyond Seller’s control, further subject to the limitations expressed in any License Agreement or other
Agreement provided by Warrantors to purchaser.

The agreement between the Warrantors and the Purchaser, including but not limited to the terms and conditions herein shall not be
governed by the Convention for the International Sale of Goods. Where applicable, the Uniform Commercial Code as adopted by the
State of Delaware shall apply.

4. PROCEDURE FOR OBTAINING PERFORMANCE OF WARRANTY: In the event that the Product does not conform to this war
ranty, the Product should be shipped or delivered freight prepaid to a Warrantor with evidence of original purchase.

5. LEGAL REMEDIES AND DISCLAIMER: Some jurisdictions may not allow, or may place limits upon, the exclusion and/or limitation
of implied warranties, incidental damages and/or consequential damages for some types of goods or products sold to consumers and!
or the use of indemnification terms. Thus, the exclusions, indemnification terms and limitations set out above may not apply, or may be
limited in their application, to you. If the implied warranties can not be excluded, and the applicable law permits limiting the duration of
implied warranties, then the implied warranties herein are to be limited to the same duration as the applicable written warranty or war
ranties herein. The warranty or warranties herein may give you specific legal rights that will depend upon the applicable law. You may
also have other legal rights depending upon the law in your jurisdiction.

6. CHOICE OF FORUM AND CHOICE OF LAW: In the event that a dispute arises out of or in connection with this Limited Warranty,
then any claims or suits of any kind concerning such disputes shall only and exclusively be brought in either the Court of Common
Pleas of Delaware County, Pennsylvania or the United States District Court for the Eastern District of Pennsylvania.

Regardless of the place of contracting or performance, this Limited Warranty and all questions relating to its validity, interpretation, per
formance and enforcement shall be governed by and construed in accordance with the laws of the State of Delaware, without regard
to the principles of conflicts of law.

Effective date 05/01/2004
PHONETICS, INC. d.b.a. SENSAPHONE

901 Tryens Road
Aston, PA 19014

Phone: 610.5582700 Fax: 610.558.0222
www.sensaphone.com
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2 TFXL Ultrasonic Transit Time

Clamp-On Ultrasonic Flow Meter for Liquids
The Series TFXL ultrasonic fl ow meter clamps onto the outside of a pipe 
and does not contact the internal liquid. This advanced product provides 
instantaneous rate and accumulated fl ows along with 4-20 mA and pulse 
outputs. Compact integral mount systems can accommodate pipes/tubing 
two inches (DN 50 mm) and smaller. Remote mount systems are also 
available for pipe/tubing sizes 1/2 inch (DN 15 mm) and higher. 

Features

•  Measures liquids with small amounts of suspended solids or aeration 
(e.g., surface water, sewage).

•  Bi-directional fl ow measurement system. Totalizer options include 
forward, reverse and net total.

•  ULTRALINK software utility enables in-fi eld fl ow meter confi guration, 
calibration and troubleshooting, via laptop PC.

•  Compact enclosure uses large, easy-to-read digital display.

Benefi ts

•  Reduced material costs: clamp-on sensor eliminates the need for in-line 
fl anges, pipe fi ttings, strainers, and fi lters.

•  Reduced installation time: may be installed and fully operational within 
minutes. No need to break into pipelines.

•  Reduced maintenance costs: with no moving parts, there is nothing on 
the TFXL to wear down – no repair kits or replacement parts are needed.

•  Easy retrofi t: with three standard outputs (4-20 mA, TTL pulse, and 
simulated turbine frequency), the TFXL drops easily into existing DCS and 
fl ow monitoring systems.

•  Reduced down-time: installation may be performed on full pipes. No 
need to shut the process down for installation or maintenance.



3TFXL Ultrasonic Transit Time

Principle of Operation
Transit time fl ow meters utilize two transducers which function as both 
ultrasonic transmitters and receivers. The fl ow meters operate by alternately 
transmitting and receiving a frequency modulated burst of sound energy 
between the two transducers. The burst is fi rst transmitted in the direction of 
fl uid fl ow and then against fl uid fl ow. Since sound energy in a moving liquid 
is carried faster when it travels in the direction of fl uid fl ow (downstream) 
than it does when it travels against fl uid fl ow (upstream), a diff erential in the 
times of fl ight will occur. The sound’s time of fl ight is accurately measured 
in both directions and the diff erence in time of fl ight calculated. The liquid 
velocity (V) inside the pipe can be related to the diff erence in time of fl ight 
(dt) through the following equation: V = K*D*dt, where K is a constant and D 
is the distance between the transducers.

V-Mode Configuration
Transit Time

Transit-Time 
Ultrasonic 

Measurement 

Remote  Mount 
or Integral Mount 

Encoders
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10 D 5 D

FLOW

Installation Options
The optimum mounting location for the Series TFXL ultrasonic fl ow meter 
is a full pipe with at least 10 straight pipe diameters upstream and fi ve pipe 
diameters downstream with no fl ow disturbances. Mount the fl ow meter 
or remote transducers onto a horizontal pipe with transducers located at 
approximately a 45-degree angle on the side of the pipe. On vertical pipes 
with upward fl ow, the transducers can be mounted in any radial orientation.

Integral Mount

Remote Mount—Small Pipe

Remote Mount—Large Pipe

Hazardous Locations

NO

NO

45°

45°

YESYES

5 D

10 D

FLOW

FLOW 45°

45°

45°

45°

Head-on View of Pipe

Head-on view of pipe

Head-on view of pipe

Mounting Locations 
and Orientation
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Part Number Construction
Integral  System 1/2…2 in. (12…50 mm)

Part Number: DTFXL - - N

Display Options Output

1)  ABS enclosure – No display 1) 4-20 mA
2)  ABS enclosure – Rate & Totalizer display & TTL Pulse  

3) Totalizer Pulse

Connector Options Options

N) 1/2" Conduit Hole (2) N) None
A) Water-tight Cable Clamp(2) C) CPVC Transducer
C) 4-Pin (male) Brad Harrison®  Micro-Change® Connector Material (Integral- mount Options Only)
D) 1/2" Flexible Conduit Connectors (2) F) I.S. DTTN Transducer (Remote Option X Only)

Pipe Size

A) 1/2" ANSI Pipe (DN 15) D) 1-1/4" ANSI Pipe (DN 32) G) 1/2" Copper J) 1-1/4" Copper M) 1/2" Tubing Q) 1-1/4" Tubing
B) 3/4" ANSI Pipe (DN 20) E) 1-1/2" ANSI Pipe (DN 40) H) 3/4" Copper K) 1-1/2" Copper N) 3/4" Tubing R) 1-1/2" Tubing
C) 1" ANSI Pipe (DN 25) F) 2" ANSI Pipe (DN 50) I ) 1" Copper L) 2" Copper P) 1" Tubing S) 2" Tubing

Remote System 1/2 in. and larger (12 mm and larger)
A system consists of one DTFXL part number and a choice of one large or small pipe transducer part number.

DTFXL - - N N

System Size

X) Large Pipe
Y) Small Pipe

Select Options from

Integral System Table

 Standard Pipe Transducer

 Pipes larger than 2" (DN 50 mm)

D T T - - -

Piping Environment Area Options

N) Standard: 250° F N) None
(121° C) Max. Temp. F) Class I, Div. 1,

L) Large Pipe: 250° F Groups C & D
(121° C) Max. Temp. w/I.S. barrrier

H) High Temp: 350° F P) Portable w/
(176° C) Max. Temp. I.S. barrier

Cable Length Conduit Length

020) 20 feet (6 m) 000) 0 feet (0 m)
050) 50 feet (15 m) 020) 20 feet (6 m)
100) 100 feet (30 m) Transducer 050) 50 feet (15 m)

Options 100) 100 feet (30 m)
N) None
S) Submersible (IP68)
A) Flexible armored
P) BNC Connectors

Small Pipe Transducer

Pipes 1/2…2" (12…50 mm)

D T T - - -

Piping Cable Length

Environment 020) 20 ft. (6.1 m)
S) Standard: 185° F 050) 50 ft. (15 m)

185° F (85° C) 100) 100 ft. (30 m)
(PVC, Ultem®)

C) High Temp: Conduit Type

250° F (121° C) N) None
(CPVC, Ultem®) A) Flexible

Armored
Nominal P) BNC
Pipe Size Connectors
D) 1/2”
F) 3/4” Pipe Type Conduit Length

G) 1” P) ANSI Pipe 000) 0 ft. (0 m)
H) 1-1/4” C) Copper Pipe 020) 20 ft. (6.1 m)
J) 1-1/2” T) Tubing 050) 50 ft. (15 m)
L) 2” 100) 100 ft. (30 m)
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Specifi cations

Liquid Types Most clean liquids or liquids containing small amounts of suspended solids

Power Requirements 11-28VDC @ 0.25A

Protection Reverse polarity, surge suppression

Velocity 0.1…40 fps (0.03…12 mps)

Inputs/Outputs 4-20mA Output (Standard Output) Totalizer Pulse

Resolution
Power
Insertion loss
Loop impedance
Isolation

12-bit for all outputs
Source
5V Max.
900 Ohms Max.
Can share ground common
with power supply isolated
from piping system

Operation

Pulse duration
Source/sink
Logic

Normal state high;  pulses low 
with display total increments

30mSec min.
2 mA max.
5 VDC

Turbine Frequency Output/TTL—Pulse Output (Switch selectable)

Type
Amplitude
Frequency range
Duty cycle

Non-grounded referenced AC/ground referenced square wave
500mVpp min. /5 VDC
0…1,000Hz
50% ± 10%

Display Type: 2 line x 8 character LCD 
Rate: 8 maximum digits with lead zero blanking
Total: 8 maximum digits with exponential multipliers from –1…6

Units Engineering units: Feet, gallons, ft3, million-gal, barrels (liquid & oil), acre-feet. lbs, meters, m3, liters, million-liters, kg 
Rate: second, minute, hour, day

Enclosure – Rating:
Dimensions:

NEMA 3 (Type 3) ABS, PVC and Ultem® (integral system), brass or SS hardware
3"W x 2.5" H x 6" D (75 mm x 63 mm x 150 mm)

Transducer Type: Clamp-on, uses time of fl ight ultrasonics

Ambient Temperature: General purpose: –40° F…185° F (–40° C…85° C); Hazardous locations integral mount: 0° F…
105° F (–20° C…40° C); Hazardous locations DTTN: –40° F…185° F (–40° C…85° C)

Transducer Ratings: DTTN/DTTC: NEMA 6* (IP 67), CPVC, Ultem, Nylon cord grip, PVC cable jacket; –40…250° F (–40…121° C)
Construction DTTN: NEMA 6P* (IP 68) option, CPVC, Ultem, Nylon cord grip, Polyethylene 

cable jacket; –40…250° F (–40…121° C)
DTTH: NEMA 6* (IP 67), PTFE, Vespel®, Nickel-plated brass cord grip, PFA cable jacket; –40…350° F (–40…176° C)
DTTS: NEMA 6* (IP 67), PVC, Ultem, Nylon cord grip, PVC cable jacket; –40…185° F (–40…85° C)
*NEMA 6 units: to a depth of 3 ft. (1 m) for 30 days max. NEMA 6P units: to a depth of 100 ft. 

(30 m) seawater equivalent density indefi nitely.

Pipe/Tubing Sizes: 1/2" (12 mm) and larger

Pipe/Tubing Materials: Carbon steel, stainless steel, copper and plastic

Accuracy: DTTN/DTTH ±1% of reading at rates >1 FPS (0.3 MPS), ±0.01 FPS (±0.003 MPS) at rates lower than 1 FPS;
DTTS/DTTC 1" and larger units ±1% of reading from 10-100% of measuring range, ±0.01 FPS (±0.003 MPS) at 

rates lower than 10% of measuring range; ¾" and smaller units ±1% FS.
Refer to the Dimensional Specifi cations page for applicable measuring ranges for each DTTS/DTTN transducer models.

Repeatability: ±0.5% of reading

Response Time: 0.3…30 seconds, adjustable

Certifi cations: All TFXL Models

General Requirements:  UL 61010-1 and 
   CSA C22.2 No. 61010-1
Hazardous Locations:  Class I Div. 2 Groups C&D 
   T4 to UL 1604 and CSA 22.2 No. 213

DTTN Transducer and IS Barrier (-F option)

Hazardous Location  Designation:  Class I Div 1, 
   Groups C & D; T5 Intrinsically Safe Exia
Process Control Equipment:  CSA C22.2 No. 142
Intrinsically Safe Equipment:  CSA C22.2 No. 157
Intrinsically Safe & Associated Apparatus:  UL913
Energy Management Equipment:  UL916

ULTRALINK™ Utility: Software utility, requires serial communication cable
Windows 2000, Windows XP, Windows Vista®, and Windows® 7 compatible
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Dimensions: 
Inches (mm)
Integral System

DTTS/DTTC  U-Bolt Connections
ANSI/DN & Copper 2" (50 mm) Models

Remote System DTTS/DTTC
Pipes/Tubing ½" to 2"

(12 mm to 50 mm)

BB

A

D D

A C

DTTN/DTTH
Pipes larger than 2" (50 mm)

2.95
(74.9)

2.75
(69.8)

3.00 (76.2)
MIN Clearance6.66

(169.2)

.21 (5.3) DIA
2 Mounting holes

.875 (22.2) DIA
3 Conduit holes

7.01
(178)

3.17
(80.5)

U-Bolt Connections (ANSI & Copper 2 inch Models)

.875 (22.2) DIA
Conduit hole

C A

6.66
(169.2)

3.17
(80.5)

2.57
(65.3)

B

C

B

A

D

D

DTTS and DTTC Transducers

PIPE

SIZE

PIPE

MATERIAL A B C D

MEASURING 

RANGE

1/2"

ANSI/DN 2.46
(62.5)

2.36
(59.9)

2.66
(67.6)

0.84
(21.3)

2…38 gpm
8…144 lpm

Copper 2.46
(62.5)

2.36
(59.9)

3.33
(84.6)

0.63
(15.9)

1.8…27 gpm
7…102 lpm

Tubing 2.46
(62.5)

2.28
(57.9)

3.72
(94.5)

0.50
(12.7)

1.5…18 gpm
6…68 lpm

3/4"

ANSI/DN 2.46
(62.5)

2.57
(65.3)

2.66
(67.6)

1.05
(26.7)

2.75…66 gpm
10…250 lpm

Copper 2.46
(62.5)

2.50
(63.5)

3.56
(90.4)

0.88
(22.2)

2.5…54 gpm
10…204 lpm

Tubing 2.46
(62.5)

2.50
(63.5)

3.56
(90.4)

0.75
(19.0)

2.5…45 gpm
10…170 lpm

1"

ANSI/DN 2.46
(62.5)

2.92
(74.2)

2.86
(72.6)

1.32
(33.4)

3.5…108 gpm
13…409 lpm

Copper 2.46
(62.5)

2.87
(72.9)

3.80
(96.5)

1.13
(28.6)

3.5…95 gpm
13…360 lpm

Tubing 2.46
(62.5)

2.75
(69.9)

3.80
(96.5)

1.00
(25.4)

3.5…85 gpm
13…320 lpm

1-1/4"

ANSI/DN 2.80
(71.0)

3.18
(80.8)

3.14
(79.8)

1.66
(42.2)

5…186 gpm
19…704 lpm

Copper 2.46
(62.5)

3.00
(76.2)

4.04
(102.6)

1.38
(34.9)

4.5…152 gpm
17…575 lpm

Tubing 2.46
(62.5)

3.00
(76.2)

4.04
(102.6)

1.25
(31.8)

4…136 gpm
15…514 lpm

1-1/2"

ANSI/DN 3.02
(76.7)

3.42
(86.9)

3.33
(84.6)

1.90
(48.3)

6…250 gpm
23…946 lpm

Copper 2.71
(68.8)

2.86
(72.6)

4.28
(108.7)

1.63
(41.3)

5…215 gpm
19…814 lpm

Tubing 2.71
(68.8)

3.31
(84.1)

4.28
(108.7)

1.50
(38.1)

5…200 gpm
19…757 lpm

2"

ANSI/DN 3.70
(94.0)

3.42
(86.9)*

5.50
(139.7)

2.375
(60.3)*

8…420 gpm
30…1590 lpm

Copper 3.70
(94.0)

3.38
(85.9)*

5.50
(139.7)

2.125
(54.0)*

8…375 gpm
30…1419 lpm

Tubing 3.21
(81.5)

3.85
(98.0)

4.75
(120.7)

2.00
(50.8)

8…365 gpm
30…1381 lpm

*Varies due to U-bolt confi guration
Remote System
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Quick Connection Diagram

Before installing the Phonecell® SX5T, carefully remove the contents from the shipping carton and
check for evidence of shipping damage. If damage is found, contact your Authorized Telular
Distributor or shipping agent immediately.

CONTENTS

Phonecell® SX5T CDMA FWT Spike Antenna Power Supply 
or BBU

AC Power Cord GPS Antenna
(Optional)

SX5T Fixed Wireless Terminal
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SAFE OPERATION INSTRUCTIONS
IMPORTANT! Before installing or operating this product, read the SAFETY INFORMATION
section on page 30 of this manual.

•  Install the unit indoors.

•  Install the unit on a hard, flat surface for proper ventilation.

•  Do not expose the unit to rain or moisture.

•  Do not place the unit on or close to sources of heat.

IMPORTANT NOTICES
TERMS AND CONDITIONS FOR USE OF PHONECELL® PRODUCTS ("Product")

These Terms and Conditions are a legal contract between you and Telular Corporation for the title to
and use of the Product. BY RETAINING AND USING THE PRODUCTAFTER RECEIPT OF IT, 
YOU AGREE TO THE TERMS AND CONDITIONS INCLUDING WARRANTY DISCLAIMERS, 
LIMITATIONS OF LIABILITYAND INDEMNIFICATION PROVISIONS BELOW. IF YOU DO NOT
AGREE TO THE TERMS AND CONDITIONS, DO NOT USE THE PRODUCTAND IMMEDIATELY
RETURN THE UNUSED PRODUCT FOR ACOMPLETE REFUND. You agree to accept sole
responsibility for any misuse of the Product by you; and, in addition, any negligent or illegal act or
omission of your or your agents, contractors, servants, employees, or other users of the Product so
long as the Product was obtained from you, in the use and operation of the Product.

INDEMNIFICATION OF TELULAR CORPORATION ("TELULAR")
YOU SHALL INDEMNIFY, DEFEND AND HOLD HARMLESS TELULAR FOR ANY OF THE COST, INCLUDING
REASONABLE ATTORNEYS' FEES, AND FROM CLAIMS ARISING OUT OF YOU, YOUR CLIENTS' OR OTHER THIRD
PARTIES' USE OR OPERATION OF THE PRODUCT: (i) FOR MISUSE OR IN A MANNER NOT CONTEMPLATED BY YOU
AND TELULAR OR INCONSISTENT WITH THE PROVISIONS OF THIS MANUAL; (ii) IN AN ILLEGAL MANNER OR
AGAINST PUBLIC POLICY; (iii) IN A MANNER SPECIFICALLY UNAUTHORIZED IN THIS MANUAL; (iv) IN A MANNER
HARMFUL OR DANGEROUS TO THIRD PARTIES; (v) FROM CLAIMS BY ANYONE RESPECTING PROBLEMS,
ERRORS OR MISTAKES OF THE PRODUCT; OR (vi) COMBINATION OF THE PRODUCT WITH MATERIAL,
MODIFICATION OF THE PRODUCT OR USE OF THE PRODUCT IN AN ENVIRONMENT NOT PROVIDED, OR
PERMITTED, BY TELULAR IN WRITING. THE PARTIES SHALL GIVE EACH OTHER PROMPT NOTICE OF ANY SUCH
COST OR CLAIMS AND COOPERATE, EACH WITH THE OTHER, TO EFFECTUATE THIS INDEMNIFICATION,
DEFENSE AND HOLD HARMLESS.

Telular Corporation

Corporate Headquarters
647 North Lakeview Parkway

Vernon Hills, Illinois 60061, USA
Contact Customer Support

Tel: 1-800-229-2326                               Fax: 1-678-945-7758
Email: support@telular.com                                               http://www.telular.com

Part Number 56035301 ©2006 Telular Corporation, All Rights Reserved

PLEASE SEE THE IMPORTANT NOTICESAND SAFETYINFORMATION SECTIONS
OF THIS MANUALFOR IMPORTANT INFORMATION ON USE AND
INDEMNIFICATION. FOR WARRANTYINFORMATION, PLEASE SEE THE LIMITED
COMMERCIALWARRANTY CARD WHICH WAS PACKAGED WITH YOUR DEVICE.
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Setup
Connecting an SX5T Model With a Power Supply

Your SX5T has either a Power Supply (part #74007301) or a Battery Backup Unit 
(BBU; part #74006803). If your unit uses a Power Supply, please follow the instructions 
below to connect the SX5T to your AC power. If it uses a BBU, please see Connecting an SX5T
Model With a BBU on page 3.

To connect an SX5T model with a Power Supply: 

1. Connect the barrel connector of the power supply to the AC power input receptacle of the SX5T
- see Figure 1.

2. Plug the AC power cord into the power supply.

3. Plug the AC power cord into the AC Power outlet.

4. Check the cellular signal strength and move the unit until you achieve the best signal 
possible - see LED Status Indicators on page 7 for more information.

Note: SX5T DC input is 7.1 volts ± 5%. Barrel connector is 3.5mm O.D. x 1.5mmI.D.

Figure 1 – Connect the SX5T to AC Power.

AC Power

AC Power 
Position

Battery 
Position

AC Power Cord

Power
Supply

Barrel Connector

AC Power 
Input Receptacle

Hint: If there are no emergency batteries in the SX5T, it will only power on if the AC/Battery switch is in the
AC power position - see Figure 3 on page 2 for a detailed view.
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Emergency Batteries
If your SX5T has a Power Supply, you may install emergency batteries to power the device in the
event of a power outage. Do not install emergency batteries if your SX5T has a BBU. The SX5T
will not automatically switch to battery if AC power fails; you must flip the AC/Battery switch to battery
operation - see Figure 3.

To install emergency batteries:

1. Remove the battery access door screw located on the bottom of the unit - see Figure 2.

2. Press the battery access door tabs and remove the battery access door.

3. Install 4 “AA” alkaline batteries (not supplied) - see Figure 2.

4. Reinstall the battery access door using the screw.

Battery Operation

SX5T models with Power Supplies will not automatically switch from AC to battery upon loss of AC
power. The AC/Battery switch must be changed manually - see Figure 3. Battery power will provide
up to 3.5 hours of standby or up to one hour of talk time, depending on the SX5T model.

Figure 3 – SX5T AC/Battery switch.

AC/Battery Switch

Battery Position AC Power Position

Note: If you use rechargeable “AA” batteries with the SX5T, they must be recharged externally (the unit will
not recharge them automatically).

Battery
Access
Door

Battery Access
Door Screw

Figure 2 – SX5T battery installation.

WARNING!

Only “AA” alkaline batteries should be
used with the Phonecell® SX5T. 
Use of any other batteries may result in
fire and/or other damage to the unit.
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Connecting an SX5T Model With a BBU (Backup Battery Unit)
Your SX5T has either a Power Supply (part #74007301) or a Battery Backup Unit 
(BBU; part #74006803).
If your model has a BBU, it is shipped with the battery disconnected to prevent if from being
prematurely drained. The BBU must not be connected to a SX5T or to AC power when you
connect or replace the battery. Connecting the wrong wires to the battery terminals may 
cause severe damage to the device.

To connect an SX5T model with a BBU:
1. Make sure the BBU is disconnected from the SX5T and the AC power cord.

2. Unlatch the battery compartment cover by using a coin to rotate its latch to the open position.

3. Remove the cover.

4. Connect the black wire (-) in the battery compartment to the black terminal (-) on the battery -
see Figure 4.

5. Connect the red wire (+) in the battery compartment to the red terminal (+) on the battery - 
see Figure 4.

6. Insert the battery into the battery compartment.

7. Reattach the compartment cover and secure it with the cover latch.

8. Insert the barrel connector of the Power Supply and Battery Backup Unit’s cord into the  SX5T’s
Power Input - see Figure 1 on page 1.

9. Connect the AC power cord to the Power Supply and Battery Backup Unit, then plug it into a
power outlet - see Figure 1 on page 1.

10. Press the Battery Power Switch on the BBU to the ON ( | / right) position.

11. Slide the Power Switch on the SX5T to the ON (right) position.

12. Check the cellular signal strength and move the unit until you achieve the best signal 
possible - see LED Status Indicators on page 7 for more information.

Figure 4 – Connecting the battery.

Red Wire (+)

Black Wire (-)

Battery Compartment

Red Terminal (-)

Black Terminal (-)
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SX5T Location and Installation
The SX5T comes with a standard spike antenna (TNC) - see Figure 5. For optimal signal strength,
choose a location that is above ground and as close to windows (or exterior walls) as possible - see
Figure 6. Place the unit where you receive the best signal strength possible. (Cellular signal strength
is displayed by the Received Signal Strength Indicator [RSSI] LEDs on the unit - see LED Status
Indicators on page 7 for more information.)

1. Connect the antenna to the terminal - see Figure 7.

2. Finger-tighten the antenna. Do not over-tighten the antenna.

Wall Mounting
1. Mark two hole locations 98.5 mm (3-7/8 inches) vertically apart and drill two holes into the wall.

2. Install the screws (not supplied) into the wall, leaving a gap (approximately 3 mm (1/8 inch))
between screw head and wall.

3. Align the mounting holes with the screws and mount the SX5T onto the screws - see Figures 7
and 8.

Figure 7 – SX5T mounting holes.

Mounting Holes

98
,5 

mm
 (3

 7/
8”)

Figure 8 – Mount the SX5T onto the screws.

Figure 6 – Typical SX5T installations.

Wall Mount

Table Mount

GPS Brackets

Figure 5  – SX5T antenna connection.

Spike
antenna

TNC Antenna
Connector
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GPS Antenna Mounting
To satisfy the FCC's Enhanced 911 (E-911) Phase II mandate, SX5T-535C models distributed in the
USAinclude a GPS antenna with a mounting bracket and suction cups. The GPS antenna uses
satellite technology during emergency calls to automatically report your location to a 911 dispatcher
within 50-100 meters in most cases. For this feature to function, you must properly mount the GPS
antenna on a window as described below in addition to the standard antenna used for cellular system
operation.

1. Mount the bracket on a window with good line of sight (no obstructions to the sky) using the
suction cups. Asmall amount of water or petroleum jelly applied to the window surface of the
suction cups will improve their long-term adhesion to the window - see Figure 6 on page 4.

2. Place the antenna on the topside center of the bracket. The bracket is tilted to aim the 
antenna out the window and toward the sky.

3. Connect the antenna to the GPS Connector on the side panel of the SX5T - see Figure 9.

GPS Connector

Figure 9 – Connectors

Phone Jacks
(RJ11)

Data Port
(Serial)

Note: Installation of the GPS antenna is not required for normal operation of the SX5T. 

Since E-911 service may not be available in all areas, 911 or other emergency calls may not
automatically provide a location. You must be prepared to provide an address during any
emergency calls.
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Direct Connection: Phone, Fax and Data 
1. Connect a phone to either of your SX5T’s phone (RJ11) jacks using a standard telephone cord -

see Figure 9 on page 5. 

2. If desired, connect your SX5T’s other phone (RJ11) jack to a second telephone or a fax machine
using a standard telephone cord - see Figure 9 on page 5. 

3. If desired, connect a computer to the SX5T. You may either:
· Use a Telular serial cable (part #1L01A042 or 81025801) to connect the computer’s serial

port to the SX5T’s data port; 
· Or use a standard telephone cord to connect the computer’s modem out port to either of the

SX5T’s phone (RJ11) jacks.
Contact your service provider to determine what wireless data transfer services are available.
For more information on data connections, see Windows XP/Windows 2000 Setup for Data &
PC Fax on page 17 or Windows 98 Setup for Data & PC Fax on page 23.

Connection via Wall Jacks
If you do not have local phone service, you may use your SX5T to provide a connection to your
wireless service for devices that are plugged into your wall jacks.

1. Connect either of your SX5T’s phone (RJ11) jacks to any wall jack using a standard telephone 
cord - see Figure 9 on page 5. 

2. If desired, connect your SX5T’s other phone (RJ11) jack to a telephone or fax machine using a
standard telephone cord - see Figure 9 on page 5. 

3. Connect additional phones, a fax machine and/or a computer modem to any available wall
jacks. Contact your service provider to determine what wireless data transfer services are
available.

Important: DO NOT CONNECT YOUR SX5T TO A WALL JACK IF YOU HAVE OUTSIDE SERVICE 
(I.E., A DIAL TONE) AT YOUR WALL JACK. Your SX5T will not function properly and may
become damaged if outside phone service has not been disconnected. 
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Getting to Know Your SX5T
LED Status Indicators

The LED indicators are activated when the SX5T is powered on. The following tables describe the
modes and operation of the indicators.

Service Indicator  

*Contact your service provider to verify that service has been activated.

Signal Strength Indicator (Received Signal Strength Indicator – RSSI)

Signal Strength LEDs Activity Cellular Signal Strength

Signal Strength 1 (RSSI 1) Continuous Poor

Signal Strength 2 (RSSI 2)
Flashing

Continuous
Fair

Good

Signal Strength 3 (RSSI 3)
Flashing

Continuous
Very Good

Best

LED Color Activity Description

Green Continuous Full Service

Amber Continuous or Flashing 
(network dependent) Roaming

Red Continuous No Service*

Signal Strength 3
Signal Strength 2
Signal Strength 1

Service Indicator

Call Activity Indicator

Message Indicator

AC Power/Battery
Indicator

Note: If you are getting no service, contact your service provider for more information.
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Call Activity Indicator  

Message Indicator  

AC Power/Battery Indicator  

Important Dial Tones
You may hear these tones through the receiver when your phone is off-hook:

Steady Tone (dial tone): Service – Indicates that your phone is ready for use.

Fast Beeping Tone: No Service – Indicates that there is no service available.

Short Tone: Call Waiting – During an active call, a short tone indicates that you have another
incoming call.

Pulsed Dial Tone, followed by a Steady Dial Tone: Voicemail – Indicates that you have a new
voicemail message.

Color Activity Description

Green Continuous AC power applied

Amber Continuous Battery level good
(battery switch on)

Amber/Green Alternating Battery level poor
(battery switch on)

LED Color Activity Description

Green Flashing New voicemail

LED Color Activity Description

Green Flashing
(phone will also be ringing) Incoming call

Green Continuous In an active call

Green Fast Flashing Processing data call

Amber Continuous Programming Mode
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Using the SX5T
Once you have installed and activated your SX5T, you’ll be ready to make and receive calls, set up
voicemail, and send and receive faxes. This section explains how to use the features of the SX5T for
all your communications.

Making Calls
To make a call:

1. Pick up the telephone handset. (The phone is now “off-hook.”)

2. Listen for a dial tone. (If you hear a No Service tone [fast beeping], hang up and try again. If the
No Service tone continues, contact your service provider to verify that cellular service is
available.)

3. Dial a phone number. (When you have finished dialing, the call will be sent automatically.)

Receiving Calls
• When the telephone rings, pick up the handset and begin talking.

Ending Calls
• When you are finished with a call, hang up the phone by placing the handset back on the

telephone cradle or by pressing the Off or End button.

Using In-Call Features
To place a call on hold:

• During a call, press the Flash key on your handset (if your phone doesn’t have a Flash key,
press and release the switch-hook).

· If you hang up your phone when a call is on hold, the call will be disconnected.

To retrieve a call on hold:

• Press the Flash key on your phone (or press and release the switch-hook).

To answer a call waiting call:

• When you’re on an active call and a new incoming call arrives, you will hear a short tone on your
phone. To place the current call on hold and answer the incoming call, press the Flash key on
your phone (or press and release the switch-hook). (To switch between calls, simply repeat the
process.)

To answer a call when you are dialing or with the phone off the hook:

• If a call comes in while you are dialing or when you have the phone off the hook, you will hear a
call waiting tone on your phone. To answer the incoming call, press the Flash key on your
phone (or press and release the switch-hook).

Note: Call Hold and Call Waiting are not available with all service providers. These services may not be
available if you are using your SX5T in a roaming area. To determine these services’ availability in your
area, contact your service provider.

Tip: Pressing the Flash key or pressing and releasing the switch-hook after dialing a number will send
the call immediately.
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Accessing Your Voicemail
With your SX5T, you have two options for accessing your voicemail account from your phone: 
One-Touch Voicemail Retrieval and Direct Dial. (For more information about your voicemail
settings, see Voicemail Number and One-Touch Voicemail Retrieval on page 14. For information
about your voicemail service, please contact your service provider.)

To access your voicemail using One-Touch Voicemail Retrieval:

• Press and hold the button on any home phone for two seconds. 

To access your voicemail using Direct Dial:

1. Dial your phone number.

2. Follow the voice prompts to retrieve your messages.

Clearing Your Voicemail Indicator

• The message light on your SX5T will flash when you have a new voicemail message. 
The indicator should clear after you have listened to all of your new messages. If your 
voicemail message indicator does not clear (or if you just want to clear it manually),
press .

Making a Three-Way Call
Your SX5T supports three-way calling, if it is supported by your service provider.

To make a three-way call:

1. Place or answer a call on your phone.

2. Once you have established the connection with the first caller, press Flash, enter the second
number you wish to call, then press Flash again. (This puts the first caller on hold and dials the
second number.)

3. When you’re connected to the second party, press Flash again to begin your three-way call.
If one of the people you called hangs up during your call, you and the remaining caller stay
connected. If you initiated the call and are the first to hang up, all three callers are disconnected.

Using Call Forwarding
Call Forwarding lets you forward all your incoming calls to another phone number. You can continue
to make calls from your phone when Call Forwarding is activated.

To activate call forwarding, contact your service provider for instructions.

Note: Certain cellular systems may use a different method to connect three-way calls. Please contact your
service provider for more information.

#501*#

Note: If your phone doesn’t support a continuous tone (i.e., if you only hear a short tone when you press and
hold a key), One-Touch Voicemail Retrieval will not work on your phone. To access your voicemail, you
will have to use the Direct Dial method of voicemail retrieval.

You may also use the Direct Dial method to retrieve your voicemail from any other phone.

1
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Adjusting Your Phone’s Settings
Volume Level

If the volume level on your phone’s receiver is too high or too low during a call, you can adjust the
levels using the telephone keypad.

To increase the phone’s volume level:

• Press .

To decrease the phone’s volume level:

• Press .

Entering Configuration Mode
Many device configuration settings require you to enter Configuration Mode – the device’s
programming mode – before you may input the commands. 

To enter Configuration Mode:

• Press <lock code> .

You will hear a steady tone indicating that you have entered Configuration Mode. When you press
any additional key, the tone will stop.

If you correctly enter a configuration sequence for any of the settings listed, the steady tone will
return and the SX5T will have accepted the new setting. If you do not enter a valid sequence, you will
hear three brief ascending tones followed by the steady tone (at which point you may re-enter your
configuration settings).

To exit Configuration Mode, simply hang up the phone.

Changing the Lock Code
Your SX5T is preconfigured with a lock code for use in entering Configuration Mode and to use 
with the Call Barring feature. The default lock code is the last four digits of the phone number.
(If no number is programmed, the default is 0000).

You may use Configuration Mode to change your lock code to any 4-digit number.

To change the Lock Code:

• From Configuration Mode, press <old lock code>
<new lock code> <new lock code> .

(For example, to change the default lock code from 0000 to 5555, press 

.)#55

55*5555*0000*34

1*#

#*
**341*#

Note: You may change multiple settings during a single Configuration Mode session. If you enter an
incorrect sequence during a Configuration Mode session, only the setting you were entering will need
to be re-entered; all previous changes will be retained.

#*0*#

Note: The SX5T volume setting allows you to adjust the volume three levels from the default setting. The
adjusted volume setting remains in effect for future calls until it is manually changed. When the SX5T’s
power is turned Off and On, the default mid-range volume setting is restored.

3*#

8*#
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Audio Line Level
If using and does not provide satisfactory volume options for
you (see Volume Level on page 11), you may adjust your phone system’s audio line level.

To adjust your phone system’s audio line level:

• From Configuration Mode, press <0, 1, or 2> .

0 = Low
1 = Normal (default)
2 = High

Auto-Send Delay
The auto-send delay is the amount of time the SX5T waits to dial after you make an entry on the
phone keypad. The default setting is 3 seconds and the valid range is 2-20 seconds.

To change the auto-send delay:

• From Configuration Mode, press < 2 - 20> , where you
enter a number between 2 and 20 seconds. (For example, if you want the auto send delay to be
five seconds, press .)

Frequently Dialed Numbers (Zero Delay Dialing)
If you dial a phone number twice and stay connected for at least 15 seconds, the SX5T will remember
that phone number in the future and automatically send it without the auto-send delay whenever you
subsequently dial the number. This feature is enabled by default.

To enable Zero Delay Dialing (default setting):

• From Configuration Mode, press .

To disable Zero Delay Dialing:

• From Configuration Mode, press .

Call Barring
To avoid inadvertent service charges, you may enable your device’s Call Barring feature to bar all
outgoing calls (except emergency calls).

To enable Call Barring:

• From Configuration Mode, press <lock
code> .

To disable Call Barring (default setting):

• From Configuration Mode, press <lock
code> .#

*0*241*#

#
*1*241*#

#0*12*#

#1*12*#

#5*11*#

#*11*#

#*96*#

3*#8*#
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Hotline
The Hotline feature allows you to program the SX5T to automatically dial a specific phone number
after a selected timeout delay whenever you take the phone off-hook. 

To program the Hotline phone number:

• From Configuration Mode, press <phone #> , where
<phone #> is the phone number you want to dial automatically.

To enable the Hotline feature:

• From Configuration Mode, press <1 - 8> ,
where <1 - 8> equals the selected timeout delay, in seconds. 

(For example, if you wanted the phone to wait five seconds before dialing the hotline number,
you would press from
configuration mode.)

To disable the Hotline feature (default setting):

• From Configuration Mode, press .

One-Minute Alert
You can keep track of your in-call duration by configuring your SX5T to sound a short beep at 
one-minute intervals during active calls.

To enable One-Minute Alerts:

• From Configuration Mode, press .

To disable One-Minute Alerts (default):

• From Configuration Mode, press .

TTY Use
ATTY device (also known as a TDD or Text Telephone) is a telecommunications device that allows
people who are deaf, hard of hearing, or who have speech or language disabilities to communicate
by telephone.

Your SX5T is compatible with select TTY devices. Please check with the manufacturer of your TTY
device to ensure that it supports digital wireless transmission. 

To establish TTY service, contact your cellular service provider.

To set your phone’s TTY mode:

• From Configuration Mode, press <0 or 3> , where 
<0 or 3> are as follows:

0 = TTY Off
3 = TTYAlways

#*931*#

#0*99*#

#1*99*#

#1*0*711*#

#5*1*711*#

#*1*711*#

#*811*#
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Voicemail Number
You can use Configuration Mode to set the default voicemail number for your SX5T.

To set the default voicemail number:

• From Configuration Mode, press <voicemail
number> .

For example, to set 555-123-4567 as your voicemail number, you would press 
.

If your voicemail access number includes a special character, such as an asterisk (*) or a pound sign
(#), you can program it by adding an extra asterisk in front of the special character. Please refer to the
examples below:

To set *86 as the default voicemail number:

• From Configuration Mode, press 
.

To set #86 as the default voicemail number:

• From Configuration Mode, press 
.

One-Touch Voicemail Retrieval
You can configure your SX5T to connect to your voicemail box using one-touch voicemail retrieval,
allowing you to retrieve messages by pressing and holding . (One-Touch Voicemail Retrieval
is enabled by default.)

To enable One-Touch Voicemail Retrieval (default setting):

• From Configuration Mode, press .

To disable One-Touch Voicemail Retrieval:

• From Configuration Mode, press .

Restore User Defaults
To restore your SX5T to its default settings after changing configuration settings:

• From Configuration Mode, press <0 or 1> , where 
0 = Keep Current Settings and 1 = Restore to Default Settings.

#*701*#

Note: If your phone doesn’t support a continuous tone (i.e., if you only hear a short tone when you press and
hold a key), One-Touch Voicemail Retrieval will not work on your phone. To access your voicemail, you
will have to use the Direct Dial method of voicemail retrieval (see page 10).

For more information about retrieving voicemail, see Accessing Your Voicemail on page 10. 
For information about your voicemail service, please contact your service provider.

#0*841*#

#1*841*#

1

#68#**101*#

#68***101*#

#7654321555*101
*#

#
*101*#

Note: The voicemail settings for your SX5T should have been configured prior to purchase. The instructions
for Voicemail Number and One-Touch Voicemail Retrieval are mainly for your reference.
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Using Additional Hardware Devices
Using an External Answering Machine

The SX5Tcan be used with an external answering machine in place of voicemail. If you plan to use an
external answering machine, be sure your service provider has not activated voicemail on your account.

Setting Up Data Transfer for a Digital Video Recorder (DVR) or Satellite Receiver
The SX5T can be configured to dial out over your phone line so that a Digital Video Recorder (DVR)
or a satellite receiver can send and receive the data required for its operation. Your DVR or satellite
receiver must also be configured to tell the SX5T that it needs to send data. You must insert the prefix

before the phone number that the DVR or satellite receiver dials. Consult
your DVR or satellite receiver manual or provider if you need further assistance with this feature.

Using a Fax Machine With Your SX5T
Your SX5T supports sending and receiving faxes with a fax machine. You can connect your fax
machine to an existing wall phone (RJ11) jack or into either phone (RJ11) jack of the SX5T. In order to
send or receive a fax, the SX5T must be placed in fax mode, as it cannot automatically detect an
incoming fax. (This is standard procedure for faxing over wireless networks.) You must disable any
“turbo” fax modes or other non-standard transmission modes on your fax machine. Consult
your fax machine’s manual for more information.

The SX5T has two fax modes: 1-time fax mode and Always fax mode. 

· 1-time fax mode will allow you to send or receive one fax, after which the 
SX5T will automatically return to voice mode. 

· Always fax mode will keep the SX5T in fax mode until it is set back to voice mode.

To send a fax (1-time fax mode):

1. Lift up the fax machine handset or press the Fax button.

2. Press , then dial the fax number.

3. Press Start on the fax machine.

To receive a fax (1-time fax mode):

1. Set your fax machine to connect after the minimum number of rings allowed.

2. Press .

3. Notify the sender that you are prepared to receive the fax.

To set your device to “Always fax mode”:

• Press .

To make one voice call while in “Always fax mode”:

• Press .

To return your device to voice mode (default setting):

• Press .#7*#

#4*#

#5*#

#1*#

#1*#

Note: Contact your service provider to confirm the availability of fax service on your wireless account.

Fax machines must use Group 3 facsimile protocol, transmitting at 9.6 kbps to14.4 kbps.

Note: Contact your service provider to confirm the availability of data transfer service on your wireless
account.

#2*#



Phonecell® SX5T CDMA2000 16 User Manual

Sending/Receiving Circuit Switched Data
APC with a serial or phone (RJ11) connection to the SX5T can send and receive circuit switched
data using the SX5T. Check with your service provider to see if your account supports circuit
switched data transfer.

Set Your Computer’s Port and Modem Speeds for Circuit Switched Data
To send or receive circuit switched data, you need to set the port and modem speeds your 
computer uses for the SX5T to 115200 bps. See Windows XP/2000 Setup (page 17) or 
Windows 98 Setup (page 23) for details. This is the communication speed between the 
computer and SX5T; actual data transfer rates will be slower.

Choose Data Mode
1. To receive one data transfer, enter Data Next Call mode. Press . 

Your SX5T will treat the next incoming call as data, then return to normal operation.
If you are using an RJ11 port to receive the data, you may skip the remaining steps.

2. To receive data indefinitely, enter Data Always mode. Press . 

(Your SX5T will treat all incoming calls as data. To resume receiving voice calls, you must switch
back to Voice mode: Press . If you wish to make a single voice call while
remaining in Data Always mode, press .) 

If you are using an RJ11 port to receive the fax, you may skip the remaining steps.

3. To send circuit switched data, set the Data Port and Baud Rate, then follow your service
provider’s directions for sending circuit switched data. Whenever your software asks you what
modem to use, select the Standard 19200 Modem.

(For Windows XP and Windows 2000, you can start by opening Control Panel > Network and
Dial Up Connections, then double-clicking on Make New Connection to start the Network
Connection Wizard.)

(For Windows 98, you can start by running Dial-Up Networking and double-clicking on Make
New Connection.)

Choose the SX5T’s Data Port
1. Enter Configuration Mode – Press <lock code> .

2. Select Data Port – Press .

– OR –

Select RJ11 Port – Press .

3. If you selected Data Port, select which Data port to use. 
Select Serial by pressing .

Set the SX5T’s Baud Rate for Circuit Switched Data
1. Enter Configuration Mode – Press <lock code> .

2. Select Baud Speed 115200 – Press .

Note: If you take the phone off-hook while sending or receiving circuit switched data via serial cable, you will
hear a busy tone; the data transmission/reception will not be disrupted.
If you take the phone off-hook while sending or receiving circuit switched data using an RJ11 phone
jack connection, the fax data transmission/reception may be disrupted.

#5*631*#

#*0*#

#0*531*#

#0*1*311*#

#0*0*311*#

#*0*#

#4*#

#7*#

#6*#

#2*#
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Windows XP/Windows 2000 Setup for Data & PC Fax
Contact your service provider to determine data/PC fax service availability, then follow these steps.

1. Connect and Select Data Ports.

Serial Connection – default setting (Allows PC Fax, 1X Data and Circuit Switched Data)
· Use a Telular serial cable (part #1L01A042 or 81025801) to connect the computer’s

serial port to the SX5T’s data port.
· Enter Configuration Mode.  

Press <lock code> .
· Set the SX5T Data Port to Serial. 

Press .

Modem/Phone Connection (Allows PC Fax and Circuit Switched Data)

· Use a standard telephone cord to connect the computer’s modem out port to either
of the SX5T’s phone (RJ11) jacks.

· Enter Configuration Mode.  
Press <lock code> .

· Set the SX5T Data Port to RJ11. 
Press .

2. Set Baud Speed.

· Enter Configuration Mode.  
Press <lock code> .

· For fax, set speed to 19200. Press .

· For data, set speed to 115200. Press .

3. Install the SX5T as a new modem by opening the Start > Settings > Control Panel > Phone
and Modem Options > Modems tab.

#5*631*#

#2*631*#

#*0*#

#0*1*311*#

#*0*#

#0*531*#

#*0*#



Phonecell® SX5T CDMA2000 18 User Manual

4. Click on Add…. 

5. Click on Don't detect my 
modem; I will select it from a
list and click Next.

6. Select Standard 19200 bps 
modem and click Next.
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7. Select the COM port to use (if a COM port does not display, all COM ports are currently
allocated).

8. Click Finish.
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9. Configure the SX5 modem interface using the Start > Settings > Control Panel > Phone and
Modem Options > Modems tab.

10. Select the 19200 bps Modem and click on Properties.

11. Select the Modem tab.

12. Change the Maximum port speed to 115200 (19200 when faxing) and click OK.
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13. Configure the Serial or Phone (RJ11) port using the 
Control Panel > System >Hardware > Device Manager > Ports tab.

14. Select the port used for the SX5T and right click on it. Select Properties from the resulting 
pop-up menu.



Phonecell® SX5T CDMA2000 22 User Manual

15. Click on the Port Settings tab.

16. Use these settings:

Bits per second:  115200 (19200 when faxing)

Data bits: 8

Parity: None

Stop bits: 1

Flow control:  Hardware

17. You may now send or receive data and PC faxes. See Sending/Receiving a PC Fax
(page 27), Sending/Receiving 1X Data (page 28), or Sending/Receiving Circuit Switched
Data (page 16) for details.
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Windows 98 Setup for Data & PC Fax
Contact your service provider to determine data/PC fax service availability, then follow these steps.

1. Connect and Select Data Ports.

Serial Connection – default setting (Allows PC Fax, 1X Data and Circuit Switched Data)
· Use a Telular serial cable (part #1L01A042 or 81025801) to connect the computer’s

serial port to the SX5T’s data port.
· Enter Configuration Mode.  

Press <lock code> .
· Set the SX5T Data Port to Serial. 

Press .

Modem/Phone Connection (Allows PC Fax and Circuit Switched Data)

· Use a standard telephone cord to connect the computer’s modem out port to either
of the SX5T’s phone (RJ11) jacks.

· Enter Configuration Mode.  
Press <lock code> .

· Set the SX5T Data Port to RJ11. 
Press .

2. Set Baud Speed.

· Enter Configuration Mode.  
Press <lock code> .

· For fax, set speed to 19200. Press .

· For data, set speed to 115200. Press .

3. Install the SX5T as a new modem by opening the Start > Settings > Control Panel then clicking
on the Modems phone icon.

#5*631*#

#2*631*#

#*0*#

Note: The SX5T supports data transfer over serial and modem/phone (RJ11) connections for Windows 98
PCs.

#0*1*311*#

#*0*#

#0*531*#

#*0*#
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4. Select Standard 19200 bps Modem and click on Properties.

5. Select the appropriate COM port and Maximum speed of 115,200 bps for data and 19,200 bps
for PC Fax. 

6. Select the Connection tab.
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7. Set Connection Preferences to Data bits = 8, Parity = None and Stop bits = 1, then click
Advanced.

8. Check the box for Use Control Flow, then click on Hardware (RTS/CTS), and then 
select OK.
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9. Click on OK.

10. Click on Close.

11. You may now send or receive data and PC faxes. See Sending/Receiving a PC Fax (page 27),
Sending/Receiving 1X Data (page 28), or Sending/Receiving Circuit Switched Data
(page 16) for details.
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Sending/Receiving a PC Fax
APC with a serial or phone (RJ11) connection to the SX5T can send and receive faxes using the
SX5T. Your account with your service provider must support circuit switched data transfer for the
SX5T’s PC fax function to work.

Set Your Computer’s Port and Modem Speeds for PC Fax

To send or receive faxes, you need to set the port and modem speeds your computer uses for the
SX5T to 19200 bps. See Windows XP/2000 Setup (page 1717) or Windows 98 Setup (page 23)
for details. 

Choose Fax Mode
1. To receive one fax, enter Fax Next Call mode. Press . 

Your SX5T will treat the next incoming call as a fax, then return to normal operation.
If you are using an RJ11 port to receive the fax, you may skip the remaining steps.

2. To receive faxes indefinitely, enter Fax Always mode. Press . 

(Your SX5T will treat all incoming calls as faxes. To resume receiving voice calls, you must
switch back to Voice mode: Press . If you wish to make a single voice
call while remaining in Fax Always mode, press .)

If you are using an RJ11 port to receive the fax, you may skip the remaining steps.

3. To send a PC fax, set the Fax Port and Baud Rate, then use your computer’s fax software to dial
the receiving fax machine’s number. Whenever your software asks you what modem to use,
select the Standard 19200 Modem. 

Choose the SX5T’s Fax Port
1. Enter Configuration Mode – Press <lock code> .

2. Select Data Port – Press .

– OR –

Select RJ11 Port – Press .

3. If you selected Data Port, select which Data port to use. 
Select Serial by pressing .

Set the SX5T’s Baud Rate for PC Fax

1. Enter Configuration Mode – Press <lock code> .

2. Select Baud Speed 19200 – Press .

Note: If you take the phone off-hook while sending or receiving a PC fax via serial cable, you will hear a busy
tone; the fax data transmission or reception will not be disrupted.

If you take the phone off-hook while sending or receiving a PC fax using an RJ11 phone jack
connection, the fax data transmission/reception may be disrupted.

#2*631*#

#*0*#

#0*531*#

#1*76*#

#0*76*#

#*0*#

#4*#

#7*#

#5*#

#1*#
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Sending/Receiving 1X Data
APC with a serial connection to the SX5T can send and receive 1X data using the SX5T; a PC with a
phone (RJ11) connection cannot. Check with your service provider to see if your account supports
1X data transfer.

Set Your Computer’s Port and Modem Speeds for 1X Data

To send or receive circuit switched data, you need to set the port and modem speeds your 
computer uses for the SX5T to 115200 bps. See Windows XP/2000 Setup (page 17) or 
Windows 98 Setup (page 23) for details. This is the communication speed between the 
computer and SX5T; actual data transfer rates will be slower.

Choose the SX5T’s Data Port

1. Enter Configuration Mode – Press <lock code> .

2. Select Data Port. 
Select Serial by pressing .

Set the SX5T’s Baud Rate for 1X Data

1. Enter Configuration Mode – Press <lock code> .

2. Select Baud Speed 115200 – Press .

To Send or Receive 1X Data

Follow your service provider’s directions for sending and receiving 1X data. Whenever your
software asks you what modem to use, select the Standard 19200 Modem.

For Windows XP and Windows 2000, you can start by opening Control Panel > Network and Dial
Up Connections, then double-clicking on Make New Connection to start the Network Connection
Wizard.

For Windows 98, you can start by running Dial-Up Networking and double-clicking on Make New
Connection.

Tip: You can receive incoming voice calls on the SX5T during a dormant data session (a session becomes
dormant after a period of inactivity determined by the network). When you are in an active data session
(you are sending and receiving data), all incoming calls go to your voicemail.

Note: If you take the phone off-hook during a 1X data session, you will hear a busy tone; data transfer will not
be disrupted.

#5*631*#

#*0*#

#0*531*#

#*0*#
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SX5T Troubleshooting
Telephone Service is Not Working (Cannot make or receive calls)

• Make sure the SX5T powered on properly.

• Make sure any equipment that is externally connected to the SX5T is connected correctly.

• Test any externally connected equipment on a known system to verify its operation.

• Do you have the antenna connected? If not, connect the antenna.

• Is service established with a service provider? If so, is there any service provider issue? Your
service may be disconnected or not functioning properly. Contact your service provider if you
think this is the problem.

Unable to Receive Calls
• Is the handset on the cradle? If not, place the handset on the cradle and try again.

• Is the SX5T making a loud repetitive tone? This is the ROH (Receiver Off Hook) tone. Your
handset may be off hook. Hang up and try again. 

• Is the SX5T set for Fax Only or Data Only operation? If so, press to 
return to voice mode.

Unable to Make Calls
• If you do not hear standard dial tone when your phone is off hook, then your service has a 

problem. Contact your service provider if you think this is the problem.

• Do you have telephone extensions connected to the SX5T? If so, confirm that none of the
extensions is off hook.

• Is the SX5T set for Fax Only or Data Only operation? If so, press to 
return to voice mode.

Unable to Send or Receive Analog Fax Calls
• Do you have fax service on your wireless account? Contact your service provider for more

information.

• Do you have good signal strength? If your signal strength is low it may affect faxing. Try
repositioning the unit or obtaining a directional high gain external antenna.

No Power
• Is the power supply connected to the unit? Make sure power is available and that the power

supply is properly connected to the SX5T.

• If the SX5T is properly connected to the power supply, check to make sure the AC/Battery switch
is in the correct position (see Battery Operation on page 2).

• If the power supply is connected but the unit still has no power, make sure power is being
delivered to the power supply. Check your breaker and contact your power company. Power may
be off at your location.

#7*#

#7*#
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Conformance Statements
The SX5T 800/1900 MHz models are in conformance with all applicable FCC requirements.

FCC Part 15/Part 22/Part 24 Class B Compliance
This Phonecell® SX5T model has been tested and found to comply with the limits for a Class B 
digital device, pursuant to Part 15, Part 22 and Part 24 of the FCC rules. Changes or modifications not
expressly approved by Telular Corporation will void your authority to operate the equipment per FCC
part 15 paragraph 15.21.These limits are designed to provide reasonable protection against harmful
interference in a residential installation. This equipment generates, uses and can radiate radio
frequency energy and, if not installed and used in accordance with the instructions, may cause
harmful interference to radio communications. However, there is no guarantee that interference will
not occur in a particular installation. If this equipment does cause harmful interference to radio or
television reception, which can be determined by turning the equipment OFF and ON, the user is
encouraged to try to correct the interference by one or more of the following measures:

• Reorient or relocate the antenna.
• Increase the separation between the equipment and the terminal.
• Connect the equipment into an outlet on a circuit different from that to which the terminal is

connected.
• Consult your Authorized Telular Distributor or an experienced radio/TV technician for help.

Safety Information
The Phonecell® SX5T functions as both a radio transmitter and receiver. When it is ON, the SX5T
receives and sends out radio frequency (RF) energy. The SX5T CDMAunit operates in the
frequency ranges of 824 MHz to 894 MHz and / or 1850 MHz to 1910 MHz. When you use the SX5T,
the cellular system handling your call controls the power level at which the unit transmits.

Exposure to RF (Radio Frequency) Energy
In 1991, the Institute of Electrical and Electronics Engineers (IEEE), and in 1992, the American
National Standards Institute (ANSI), updated the 1982 ANSI Standard for safety levels with respect
to human exposure to RF energy. After reviewing the available body of research, more than 120
scientists, engineers and physicians from universities, government health agencies and industry
developed this updated Standard. In March, 1993, the U.S. Federal Communications Commission
(FCC) proposed the adoption of this updated Standard.
The design of the Telular Phonecell® SX5T complies with this updated Standard. Of course, if you
want to limit RF exposure even further than the updated ANSI Standard, you may choose to control
the duration of your calls and operate your phone in the most power-efficient manner.

Safe Operation Requirement
The Phonecell® SX5T must be either wall mounted or desk mounted and should not be operated
when any person is within 20 cm (8 inches) of the antenna.

Temperature Environment
Operating Temperature: From -10°C to +50°C ; Up to 95% relative humidity (non-condensing).

Storage Temperature: From -40°C to +60°C; Up to 95% relative humidity (non-condensing).

Antenna Care and Replacement
Do not use the Phonecell® SX5T with a damaged antenna. If a damaged antenna comes into 
contact with the skin, a minor burn may result. Replace a damaged antenna immediately. Use only a
Telular-approved antenna. Unauthorized antennas, modifications, or attachments could damage 
the Phonecell® SX5T.
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Driving
Check the laws and regulations on the use of cellular products in the areas where you drive. Some
jurisdictions prohibit use of a cellular device while driving a vehicle. Even if your jurisdiction does not
have such a law, we strongly suggest that, for safety reasons, the driver use extreme caution when
operating the cellular device while the vehicle is in motion. Always obey the law.

Exposure to Electronic Devices
Most modern electronic equipment is shielded from RF energy. However, RF energy from cellular
devices may affect inadequately shielded electronic equipment. RF energy may affect improperly
installed or inadequately shielded electronic operating and entertainment systems in motor vehicles.
Check with the manufacturer or its representative to determine if these systems are adequately
shielded from external RF energy. You should also check with the manufacturer of any equipment
that has been added to your vehicle. 
Consult the manufacturer of any personal medical devices (such as pacemakers, hearing aids, etc.)
to determine if they are adequately shielded from external RF energy. Turn the Phonecell® SX5T
OFF in health care facilities when any regulations posted in the areas instruct you to do so. Hospitals
or health care facilities may be using equipment that could be sensitive to external RF energy.

Aircraft
Turn OFF the Phonecell® SX5T before boarding any aircraft.

• Use it on the ground only with crew permission.

• Do not use it in the air.
To prevent possible interference, U.S. Federal Aviation Administration (FAA) regulations require you
to have permission from a crew member to use your cellular phone (or any other cellular product)
while the plane is on the ground. To prevent interference with aircraft systems, FCC regulations
prohibit using your cellular device while the plane is in the air.

Children
To prevent damage to the unit, do not allow children to play with the Phonecell® SX5T.

Blasting Areas
Construction crews often use remote control RF devices to set off explosives. Therefore, to avoid
interfering with blasting operations, turn the Phonecell® SX5T OFF when in a "blasting area" or in
areas posted: "Turn off two-way radio."

Potentially Explosive Atmospheres
Turn the Phonecell® SX5T OFF when in any area with a potentially explosive atmosphere. It is rare,
but the Phonecell® SX5T or its accessories could generate sparks. Sparks in such areas could cause
an explosion or fire resulting in bodily injury or even death.
Areas with a potentially explosive atmosphere are often, but not always, clearly marked. They include
fueling areas such as gas stations; below deck on boats; fuel or chemical transfer or storage facilities;
areas where the air contains chemicals or particles, such as grain, dust, or metal powders; and any
other area where you would normally be advised to turn off your vehicle engine.
Do not transport or store flammable gas, liquid or explosives in the area of the Phonecell® SX5T or
accessories.
Vehicles using liquefied petroleum gas (such as propane or butane) must comply with the National Fire
Protection Standard (FPA-58). For a copy of this standard, contact the National Fire Protection
Association, One Batterymarch Park, Quincy, MA02269, Attn: Publications Sales Division.
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Patents
Telular Corporation products are protected and manufactured under one or more of the following
U.S. patents and related international patents and patents pending relating thereto:

4,658,096        4,737,975        4,775,997        4,868,519        4,922,517        5,134,651
5,361,297        5,469,494        5,046,085        5,715,296        6,775,522        6,778,824
6,785,517.

Trademarks
Telular Corporation owns the following registered trademarks: TELULAR and design, TELULAR,
CELJACK, MAXJACK, TELCEL, HEXAGON LOGO, PHONECELL, CELSERV, TELGUARD, CPX,
and AXCELL.
Licensed by QUALCOMM Incorporated under one or more of the following Patents:

4,901,307        5,490,165        5,056,109        5,504,773        5,101,501        5,778,338
5,506,865        5,109,390        5,511,073        5,228,054        5,535,239        5,710,784
5,267,261        5,544,196        5,267,262        5,568,483        5,337,338        5,659,569
5,600,754        5,414,796        5,657,420        5,416,797.

CDMA2000® is a registered trademark of the Telecommunications Industry Association (TIA-USA).
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Engineering and Technical Data

• Can run dry continuously
• Most suitable for handling shear sensitive products
• Accurate (±1%) dosing (metering) capabilities
• Smooth liquid passage without valves, dead 

corners, or glands
• The material to be pumped does not contact

mechanical parts or seals
• Easy maintenance, low cost, short down time
• Only one wearing part: the hose
• Easily and completely cleanable
• Easily adjustable and reversible rotation
• Suitable for high viscosity and densities
• No metal contact or valves
• Safe for use in explosive environments
• No internal back flow (slip)
• Designed to pump liquids containing particles

(abrasion is no restriction)
• Self priming to 95% vacuum
• Patented direct coupled design with rotor-supporting

twin-bearing hub integrated into the pumphead and
unique buffer zone to provide protective barrier
between pumphead and gearmotor

• Ultra compact footprint with flanged helical 
gearing: no coupling or drive alignment required

• Optional integral VFD with user friendly speed pot
and fwd/off/rev push buttons

• Two year comprehensive warranty

SPX25
High Performance Hose Pumps

How to calculate speed/horsepower

A Flow required, indicates pump speed
B Calculated discharge pressure
C Horsepower required
D Fluid temperature
E Calculated discharge pressure
F Maximum recommended pump speed**
* Minimum starting torque 1,600 in-lbs based on starting unloaded
at atmospheric discharge pressure. Starting torque can be 2-3X
running torque if starting under the load of higher discharge 
pressures. ** For maximum hose life, speed point (A) should be
lower than temperature adjusted speed point (F). See example
points (A) thru (F). ***Intermittent duty = 2 hrs max continuous
running, 1 hr stop before restart.

Performance ChartFeatures and Benefits
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Engineering and Technical Data

Displacement: 0.079 gal/rev
Supply: 115/230 single phase or 230/460 three phase 

or 575V three phase
Operating Speeds: up to 100 rpm continuous

up to 140 rpm intermittent
Fluid Temperature Range*: -4° to 175°F
Ambient Temperature Range**: -4° to 113°F
Hose Lubricant Required: 0.53 gallons
Flow Range: up to 11 gpm
Discharge Pressure: up to 232 psi
Suction Pressure: 28ft. lift to 55 psi
Available Hose Materials: Natural Rubber, BUNA N, 

EPDM, Hypalon
Available Insert Materials: Polypropylene, 316SS, 

PVDF, PVC
Fittings: 1” 150# Flange
Optional High Level Hose Leak Sensor: NO or NC: 

1A max, 250V max, 50VA max

When installing, allow min 40” linear clearance from
ports to facilitate hose changing

SPX25
High Performance Hose Pumps

wd-spx25-us-01

Materials of Construction

Pumphead: Cast Iron Rotor: Cast iron
Bearing Hub: Cast Iron Shoes: Aluminum or Epoxy
Shims: 316SS Cover: Cast Iron
Flanges and Flange Brackets: Galvanized steel or 316SS
Support Frame: Galvanized steel or 316SS
Hardware: Zinc plated steel or 316SS
Hose Clamps: Galvanized Steel or 316SS
Shaft: Alloy steel
Seals: Buna

Technical Specifications

Watson-Marlow Bredel Pumps
37 UPTON TECHNOLOGY PARK, WILMINGTON, MA  01887-1018
TEL: 800-282-8823, 978-658-6168 / FAX: 978-658-0041
http://www.watson-marlow.com

The information contained in this document is believed to be correct, but Watson-Marlow
Bredel Pumps accepts no liability for any errors it contains, and reserves the right to alter 
specifications without notice.

*Consult Watson-Marlow Bredel for lower or higher
temperature operation
**Allowable ambient temperature is based on pump
capabilities and may be further limited by gearmotor
ambient capabilities

Notes:

1. Dimension is dependent on selection of gearbox and/or motor

2. All dimensions in inches
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Antenn1a
InsZiIIation

bUIOC
NMQ Mount

Antenna

Features:
• Vehicle use
• Easy to install
• Permanent installation
• Requires antenna adapter (sold separately)
• Compatible with \NUson Electronics Signal Booster

(sold separately)



Wilson Electronics Signal Boosters Amplify Coverage

When used in conjunction with your antenna, a Wilson Signal Booster can
improve your cell phone and laptop data card coverage area up to 50 miles.
Wilson Electronics manufactures a wide range of wireless and direct-connection
Signal Boosters for mobile or in-building use. See your dealer for details or visit
www.wilsonelectronics.com.

iiELZ
How It Works
Wilson Electronics NMO Mount antenna will collect the cell tower signal and send it through
the cable to a signal booster or direcy to the cell phone or cellular data card. When the cell
phone or cellular data card transmits, the signal is transferred to a signal booster or directly
to the antenna and broadcast back to the cell tower. See the back cover for information
on Wilson Electronics Signal Boosters. An extemal adapter is required to connect the cell
phone or cellular data card to the antenna.

The external adapter is cell phone/data card-specific and may be purchased through a
local retailer. Refer to Wilson Electronics Adapter Guide to identify the right adapter for your
cell phone or cellular data card. The Adapter Guide is available through a local retailer. It
is also available on our web site, www.WilsonElectronics.com, or you may call Technical
Support at 866-294-1660.

InstallIng optIonal NMO Mounts

For InstallIng the NMO Trunk Mount
Antenna (sold separately): (Part901101)

1. Select a location on the trunk or the
hood for mounting the antenna.

For installing % In NMO:
(Part# 901102)

2. Slide the trunk mount bracket on
the trunk or hood lip in the selected
location, and tighten the two set
screws on the bottom lip underneath
the trunk or hood lip with the Allen
wrenchprovided.

3. Route the cable between the mount
and phone location.

4. Screw theantenna coil into place.

son Eiectronics Technical Support with any questions at 866-294-1660
nail: tech@wilsonelectronics. corn Hours: 7am to 6pm MST



Installing the NMO Mount Antenna

Select
a location for mounting the antenna. The best

location would be centered on the vehicle roof, although
other locations are acceptable.

2 Roof mount only: For mounting the antenna to the roof of
your vehicle, use Wilson Electronics part #901102 (3/4”)
or #901103 (3/8”), which must be purchased separately
(A). Drill a hole in the desired location for mounting. The
size of the hole should be 3/8” or 3/4”, depending on the
type of mount purchased.

3 The plastic washer (B) should be placed over the
threads of the NMO mount (A). From the inside of the
vehicle, insert the threaded portion of the mount up
through the hole in the vehicle.

4 From the top of the vehicle, screw the threaded nut
(C) onto the mount threads coming up through the
roof and tighten until secure.

5 The black rubber washer (D) should now be
positioned around the threaded nut.

O
Working from the inside of the vehicle, securely
route and position the cable provided with your
mount to your signal booster or cell phone.

Screw the NMO antenna assembly (E) into place on
top of the vehicle.

Trunk Mount Part# 901101
F

A. Roof Mount 0. Rubber Vsher
B. Plastic Washer E. NMO Antenna
C. Threaded Nut F. Trunk Mount

% NMO Part #901103
Shown above.

Contact Wilson Electronics Technical Suppon’ with any questions at
Or email: tech@wilsonelectronics.com Hours: 7am to 6pm P



30.Day Money-Back Guarantee

All Wilson Electronics products are protected by Wilson Electronics 30-day money-back guarantee. If, for any reason,
tte performance of any product is not acceptable, simply return the product directly to the reseller with a dated proof of
purchase.

90-Day Warranty

Wilson Electronics antennas are warranted for ninety (90) days against defects in workmanship and/or materials.
larrsnty cases may be resolved by returning the product directly to the reseller with a dated proof of purchase.

Antennas may also be returned directly to the manufacturer at the consumers expense, with a dated proof of purchase
and a Returned Material Authorization (RMA) number supplied by Wilson Electronics. Wilson Electronics shall, at its
option, either repair or replace the product. Wilson Electronics will pay for delivery of the repaired or replaced product
back to the original consumer.

This warranty does not apply to any signal boosters determined by Wilson Electronics to have been subjected to misuse,
abuse, neglect, or mishandling that alters or damages physical or electronic properties.

RPM numbers may be obtained by phoning Technical Support at 866-294-1660.

Disclaimer The information provided by Wilson Electronics, Inc. is believed to be complete and accurate. However,
no responsibility is assumed by Wilson Electronics, Inc. for any business or personal losses arising from its use, or for
any infnngemerits of patents or other rights of third parties that may result from its use.

—
. .:,,,, ,,,,, :.::::: ..‘,.

Copyright @2011 WilsOn Electronics, Inc. All rights reserved.

Antenna Specifications

304203P Ner ‘ 301104 , 301112

506-894 MHz / 896-536 MHz
Frequency Range 806-694MHz? 1550-1990 MHz 806-894 MHz! 1850-1990 MHz

1850- 1950 MHz

Impedance 50 Ohms 1 50 ohms 50 Ohms

4.5 d81806-564 MHZ! 4.5c18i 806-894 MHZ! .9dBi6oe-ea4 MHZ!
Mtenna Gain

5.9 dBi 1850-1990 MHz 5.9 dBl 1850-1990 MHz 5.9 dBi 1850-1990 MHz

Radiation Omni 1 Omsi Omni

Polarization Vertical Vertical Vertical

1.0 WaveCngtil 505-884 MHZ /
1 0 Wavelength 806-894 MHZ! 1 0 Wavelength 806-864 MHZ! 1 1 Vatvelangth 896-939 MHZ /Wavelength 2 1 WaveIen 1850-1990 MHZ 2 1 Wavelength 1850-1990 MHz 225 velength 18511-1560 MHZ

Ground Plane , Metal ground plane required Metal ground plane required Metal ground plane required

COnfl56lOr PME-Fanrale ‘ FME-Femaie FME - Female

Material ‘ Whip - stainless Steel

Height 13.aa inches / 35.3 cm 13.25 inches! 33.7cm 13.68 inches? 35.3cm

NMO Mount Types (sold separately)

Mount
Trunk Msunt (14 RG-58 coax) Pant 801101

3/& Hole - Rosf Mount (14’ RG-58 Csao) Pant 901103
3/4 Hole - Roof Mount (14’ RG-58 Coax) Parts 801102

4Wilson®
Electrunics, h,c

3301 East Deseret Drive, St. George, UT 84790
For additional Technical Support visit www.WilsonElectronicscom

www.twitter.com/WilsonCellular wwwfacebook.comlWilsonCellular
Phone: 866-294-1660 Fax: 435-656-2432

P51w 103040 AIG NMO 01610201.11
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SYSTEM CONTACT LIST 
 
Extraction Pump Manufacturer 
Watson-Marlow Bredel Pumps: Model SPX25 
37 Upton Technology Park 
Wilmington, MA 01887-1018 
TEL: 800-282-8823, 978-658-6168 
FAX: 978-658-0041 
http://www.watson-marlow.com 
 
System Construction Contractor 
Matt Murphy 
Western Mass Environmental  
93 Wayside Avenue  
West Springfield, MA 01089 
Toll Free: (866) 662-2622;  
Fax (413) 787-2646 
Email: info@westernmassenv.com 
http://www.westernmassenv.com/ 
 
Heat Trace Thermostat & Control System 
Pentair Thermal Controls (formerly Tyco Thermal Controls) 
7433 Harwin Drive 
Houston, TX 77036 
Tel: 800-545-6258 
Tel: 800-545-6258 
Fax: 800-527-5703 
Fax: 650-474-7711 
http://us.thermal.pentair.com/ 
 
Flow Meter Manufacturer 
Dynasonics 
8635 Washington Avenue 
Racine, WI 53406 USA  
Telephone:  800.535.3569  
262.639.6770  
Fax:  800.732.8354  
262.639.2267 
http://www.dynasonics.com/products/tfxl.php 
 
DAPL Tank Manufacturer 
PolyProcessing 
161 McGhee Rd. 
Winchester, VA 22603 
Tel: 1.866.590.6845 
 866.590.6845 
sales@polyprocessing.com 
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